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FOREWORD

The Subcommittee on Radl.ochemlstry Is one of a number of
subcommittees working under the Committee on Nuclear Science
within the National Academy of Sciences - National Research
council . Its members represent government, industrial, and
university laboratories h the areas of nuclear chemistry and
analytical chemistry

The Subcommittee has concerned itself with those areas of
nuclear science which involve the chemist, such as the collec-
tion and distribution of radiochemical procedures, the estab-
lishment of specifications for radiochemically pure reagents,
availability of cyclotron time for service irradiations, the
place of radiochemistry in the undergraduate college program,
etc .

This series of monographs has grown out of the need for
up-to-date compilations of radlochemlcal information and pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maxtium use to the working scientist and
which contains the latest available information. Each mono-
graph collects in one volume the pertinent information required
for radiochemical work with an individual element or a group of
closely related elements.

An expert in the radlochemistry of the particular element
has written the monograph, following a standard format developed
by the Subcommittee. The Atomic ~ergy Commission has sponsored
the printing of the series.

The Subcommittee is confident these publications will be
useful not only to the radiochemist but also to the research
worker h other fields such as physics, biochemistry or medicine
who wishes to use radiochemical techniques to solve a specific
problem.

W. Wayne Meinke, Chairman
Subcommittee on Radiochemistry

fii



This volume which

lNTRODUCTKMN

deal~ with the radlochemlstry of ruthenium
Is one of a series of monograph on radiochemistry of the elements.
There is included a review of the nuclear and chemical features
of particular Interest to the radiochemist, a discussion of prob-
lems of dissolution of a sample and counting techniques, and
finally, a collection of radiochemical procedures for the element
as found in the literature.

The series of monographs will cover all elements for which
radiochemlcal procedures are pertinent. Plans Include revision
of the monograph periodically as new techniques and procedures
warrant. The reader Is therefore encouraged to call to the
attention of the author any published or unpublished material on
the radiochemistry of ruthenium which might be included in a revised
version of the monograph.
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The !Radiochemistry of Ruthenium

E. L WYATT and R. It FUCKLARD

Oak Ridge National Laboratory

Oak Ridge, Tennessee
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2. Radloisotimes of Rum enium

The radioisotopesof rutheniumare listid In Table 2.1. me values

for half Ilves and radiationenergiesa?e Iibosethat appear first in the

Msts by Strominger,HoUander, and &aborg.
(49)

AdditionalIlli’ormatlon

about rutheniumradioisotopes,includingreferencesta the ori@nal klter-

ature, 1s given by Strominger,Homers and Seaborg.(4’)

Table 2.1. Radioisotopesof Ruthenium

Half Iife lime of Dec ~a

50 s P+

1.65 h Eo, $+

2.88 d EC

39.8 d. P-

4.5 h P-

1.00 y P-
4m P-

--hm B-

.-

P+
Y

7

P-

7

P-
7

P-

i3-

.-

..-

. . . .

1.1

0.145, 0.340,
0.640, 1.u

O.log, o.216,
0.325, 0.570

O.1,1.g,0.227

0.055, 0.297>
0.323, O.~,
0.498, 0.61Q

L 150

0.726

0.0392

-4

-.. .

3



Since rsdiomthenium becmne available,the radiochemisthas been

better able to understandthe various complex~actlons of mthenium.

Adequatemethods for the prepation of rutheniumtracer have been

rep~d, ‘24~%) but tie ~~t6 Of many ShdieS de titi trBCerEIare

open to qgestion becmme of isot.ope-ehhangeeffects.

. RutJleniumChemistry of Interest to Rsdlochemj.sts

. RutheniumMe-

Rutheniumbelongs b EubgroupVIIIj Pl&tisnnnMetals. In rm3l0-

chenlcd processes,rutheniummay be present - rutienlum(II),-(~1), -(IV),

-(VI),-(VII),or-(VIII). RutlIenium(V)exlsta but is un13kely im be en-

countered. Rutheniumts ~nfamcnmin its chemicalbehaviorbecause of its

many valence states.

The we n&al. resemblesplatinum in color W lu.slzrebut is dull

-Y +~ finely divided. The maorphmm form may appe= black. !l%emmt

satisfactoryway of determiningrutheniumis by reductionto the met&1.

In conventionalchemicalanalysesthe oxidizedzutbeniumis reducedby

ignitionm hydrmgen. In r~ochemistry the reductionis effectedtith

powderedmagnesiummetel. like the other platimm metals, ruthenium

readily occludesgases; it unites with oxygen more readily thm do any of

the group except osmium. The formationof rutheniumauU’ides,tellurides,

and selenideshas been reported.(20)

me metal is uaualdy dissolvedby means of aUsall-meM nitra~

peroxide fusion; acids -d ndxtures of acids have little dissolution

effect. The fluorinationor chlorinationof rutheniumat high tanpera-

tures yields various solubleflmoridesor chlorldesof ruthetium. Shilar

reactionshave been noted for the other platinummetals, partlcukly

osmium. Black noncryetal13nerutheniumtissolvesread31y in an alkaline

solutionof aodiwnhypochloriteor

Ruthenium alloys shouldbe

uranium s.lbys have been dissolved

F0ts8siumperiodate.

dissolvedwith caution.

safely I,na 4:1 mixture

4
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and nitric acids, whereas ruthenium-zincalloys have been observed ta

explodeviolently in the presence of hydrochloricacid.(23)

mere Is little commercialuse for ruthetiummetal becsuse it is

brittle and oxidizeg easily. Same of the physical and chemicalproperties

of ruthetiumare given ~ !l%ble3.1.

Table 3.1. Some ~yaical. and Chemica Pp3wrties of Ruthenium
(*)

Atcmic weight - - -

Atomic number - - -

Period ------

Color -------

Speciflc~avi~ -

Melting pint - - -

tilting point - - -

w------

1o11

44

Group VIII, transitionseries Ru, Rh, Pd

Gray-white;black (smorpbous)

12.2 (gray);8.6 (black)

2500°c (gray)

4uo”c (pay)

With IL, Cu, Ag, Au, W, Sn, Pb, Fe, Co, Ni, U

. cmPoundR of RuthSnium

RutheniumIS anahgous to the transitionelements cobalt, Iron,

and nickel in its formationof numerous coordinationcomplexeswi~ the

Wganda, 0, Cl, NO, N%, HOg, OH, O&, CN, SCN, etc.

. . Qxides. The oxides of mthenium tit are encounteredmost

often In radiochemistryare the tetroxide,RU04, sad the diotidejRU02.

The tetrcmideis formed in acid sotitionsby strong oxidmrb5. It has

been isolated,and its chemicaland physical propertieshave been deter-

~nedo(47) Ruthenium tetrod.demelts at about 26°c and begtns ta volatillze

at 45°C; tie volatlllzation is nearly completeat J1.O°C. !lhevulatl~ty

* rkta taken from N. A. Lange, Hsndbook& Chemistry,9th ed., p. 298,

1956 and from J. W. Mellor, & Comurehenslve beatise ~ Inoman ic

* Theoreticalchemist=, Vol. XV, p. 510, Iimgmans,Green,

New York, 1942.
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of the tetroxide(17) has been used extensivelyin radiochemistry. Rutbenlum

can be decontaminatedfrom the otier fissionproductsby distillationas

rutheniumtelrofide,especiaUy if perchloricacid is the oxidizingagent.

me high boillng point of HC104.~O (200°C) ensures the completedistil-

lation of ntbenium tetroxide.(19) Halogensthat distilunder these

conditionscan be oxidizedto their nonvolatileoxyacldsby tbe addition

of sodiumbismutiatebefore the distillationis made.(19) TeChnetiullq

in combination,distilsbut can be separatedfrom rutheniumby preclpltxut-

ing tie rutheniumwith ethyl alcohol in a solutionof sodiumhydroxide.

Molybdenum can be renderednonvolatileby the additionof phosphoric

acid.(19) RutJmsnlumtetroxideis easily reducedby the mildest reducing

agents, and in some cases it deccmrpsesviolently;it is stable only in

acid solutionsand in halogenatedorganic solvents. Radiochemistahave

made use of the volubilityof the tetroxideIn csxbon tetrachloridein

separationschemes. The results of distributionstidies ~ given

in Tables 3.2 and 3.3 and In Fig. 3.1. When rutitium tetradde is

trapped in ceustic soluticm,the ruthenatesand Perruthenates,which are

formed hsedlately, slowly deccsu~seb the dl.oxide.(47)

!lkble5.2. Dlstribution of Ruthenium etween Cqbon
T&X aclilotid,eand Water at 20”C

Ruo~ in Ccb
Fhase (A),
Mxl+

0.569

3.80

5.25

5.56

5.60

6.63

11.g

● Wta taken from Table 1 of F.

with permissionof we sutbor

RU04 in %0
Phase (B),

M x lo4 D= A/B

O.* 59.0

6.30 60.5

9.00 58.4

9.70 57.4

9.60 58.2

11.5 57.6

20.5 58.1

S. -in, J. ~em. &c., 2565 (1954),

and The Chemical society.
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>
0.4 -

0.6 - \\
0.8 - \

I I \, 1 I I I I
O 4 8 12 46
ACID IN AQUEOUS PHASE, M

Fig. 3.1. Distributionof RU04 between CC4 and Aqueous Acid6.

[Reproducedfrom Fig. 2 of F. S. Martin, J. Chem. Sot.,

2566 (1954),viti permissionof the author end The Chemical

Society.]

Table 3.3. Distributionof RutheniumTetroxide between.Cexboq
l%rachkrrlde and Sodium Hydrotide SQlution at 20°CL#~

Ru04 in Hz.O
NaOH in &.O RU04 in CC~ ~=xel$),
Phaae, M x 10s Phase (A), M D’ A/B 1O%$*)

0.943 0.u8 3.59 35.6 6.7

0.943 0.120 3.42 35.1 6.9

0.943 0.0427 1.19 36.0 6.5

1.8% 0.435 1.72 25.3 6.8

1.884 0.377 1.51 25.0 7.0

9.43 0.0287 3.64 7.9 6.7

Ruthenium dioxide,In contrastto the tetroxide,behaves similarly

ta manganese dioxide. me refractoryform is obtainedby either thennsl

destructionof rutheniumsalts or otidationof the metal in oxygen.(29)

The usual radiocheinicalfom of the dioxide is the hydrous ~de,

RUO(OH)2,(47)wblch is readily soluble in warm hydrochloricacid but

Is less soluble in nitric acid and in sulfuricacid. The hydrous oxide

4 Data

with

-%”

taken from !hble 2 of F. S. Martin, J. Chem. Sot., 2566 (1954),

permissionof the euthor and The Chemical.Society.

acid dissociationcons~t.
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is formed by the additionof a base ta a compoundof ruthenium(IV) or

by either the reductionvith mild reductants(such as ethyl alcohol)or

the autareductionof perruthenatesand ruthenates.

~.2.2 Perruthenatesand Ruthenates..Perruthenates,M1(Ru04),me

formed by the reductionof rutheniumtetroxidein alkaline solution or

by the oxidationof a lower-valentspecies of rutheniumin al.kallne

solutionby hypochloriteor periodate,as Indicatedby the equation(9)

2 Ruo4-- +CIO-+@O+2Ru04-+Cl +20H-.

h alJsaMne solutionsthat contdn an o~dizing agent, mtbenium(VI)

Is oxidized ta rutbenium(VII),end, if eq excess of oxidizingagent is

preseut, some ruthenium(VIII)is formed. Ruthenium(VII)is at the same

time reducedby the hydroxide ion b ruthenium accordingb the

equation(g)

2 RU04- + 2 OH- = 2 RU04-- + 1/2 @ + %0.

Thereforerutheniummay eiist simultaneouslyk all three valence states

in ~ous proportionadependhg on the basicity,the Smount of Otidant,

and the presence or absence of catalysts.

The permrt.henatesare not stable in acid solution;they decompose

b form lower-valentruthenium coqcmnds. AcidO of ccqmsltion corre-

spondingto tie h~thetical formulasH@u04 and HRu04 have not been found

b eXLst. Acidificationof the perruthenateform usually yields ruthenium

t.etroxldeand rutienium(IV).

Ruthenates,~(Ru04), m presumed to be salts of a ~stulated ‘

mtbenic acid and are more soluble in vater and more stable than the

permthenates. The rutbenates,as well es the perruthenates,axe colored;

their e.rkinctioncoefficients-e known. Several analyticaluses of the

highly colored compun de are described.
(28,x,48)

‘lheabsorpt~onspectra

of the Pemt.henate and ruthenateIons are given in Fig. 3.2.(~) per-

rutbenatesare aualogoustm permauganatesand to perrhenates;however,

pomsium

Idkewise,

perruthenateis not isomorphouswith potassiumpermangemte.

rutienatesare analogousto manganatesand rhenates.

8
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Fig. 3.2. SpectrophotometricCurvee for l@u04 and KRuO~; [Ru] = 0.1

wz/ml. [Re~ntedfrorn~. ~em.~ m (1955).]

323. . Hal.oRen Comuounds and Ammine6.

and complexesof di-, tri-, and tetravalent

Specifichalogen coqounds

rutheniumare known. lbe

chlorinationof mthenium me- produces rutheniumtri~oride and

possibly rutieniumtetracblmride,but mthenium pentacbloridehas not

been isolated. Coumerclalrutienium chlorideIs usually a mixture of

the trichlorideand tetrachloride.
(19)

Ruthemhun dichlorideis formedby

the reductionof the chloridesof bigherws.lentrutheniumand is deep blue.

The chloro compoundsof rutheniumare usually colored;in tbls respect they

differ from the chloro compmndO of osmium. Mauy sotible chloro complexes

of rutheniumhave been studied,
(51)

SJU3sllght~ soluble chlororwthenates

end cblorop=rmthenateshave been prep~ed.
(29)

llmble salts of the

alkali-metaland of allml.ine-e~thelementswith the chloro cmpounds

of rutheniumhave been prqed, most of Wch are sU@tlY so~ble

in water. All the chloro foma of mtienlum encounteredin radiochemlstry

are eaaily reduced.to mthetium metal in acid solutionby use of zinc or

9



magnesiummetal. Most,tracer forms of rutheniumin a chloridesystm

behave in a predictablemamuer.

Although a large number of complexesof ruthenium exist, ody

a few have been isolated; among them are the szdnes, [Ru(dlpy)9]Xz,
(46)

and the nitrosyls,RuNOXS, where X Is Cl, Br, or I. Some characteristics

of some of the emmines of ruthenium are as follows:
(46,+)

A. Hexemmines: all red.

B. Penteamines.

[Ru(NH=)+O=I, 2 GO: colorless.

[Ru(NH3)@02]C1.2,Br2, (NOS)2,S20S, S04, 2&.0: all red.

c. l’etremmines.

[RU(NH=).&OSH)2]: colorless insoluble.

[Ru(NE3)4S02C1]C1,red: ]S04H red:—Br]Br, brown, very slightly

soluble:—(OH2)](NOS)Z, yelJ_ow:-(oH2)]S@S, pale yellow.

D. Dismmines.

N~[Ru(NHg)2(SOg)z(SO#)z], 6 &O, Coburless, sUhtly soluble.

Ammonium s=t, 4 &O, colorless, readily soluble.

Ruthenium(III)is a common valence form of radioruthenium. The

fluorideof ruthenlum(III) is s~ngly soluble in water sad in dilute

solutionsof acids and alkall.s.The pentafluoridehas also been re~rted. (K)

The better-knowncoordinationcomplexesof ruthenium( III) are the halogen

complexesand tie haloaumdnes. The only known halo complexesof ruthenlum(111)

are tie cbloro and brcmo forms. General forms includeMRu& to M#uX7

and ~[Ru(NO)X5] . The tetrahalosalts includewater in the molecule, that

is, M[Ru&(H=O)2], the removal of which destmye the complex. However,

the pen~loro complex,X2[RuCI-5(0%) 1, can be d-ted at 200°C to

yield &[ RuC~] .
(46)

Cammon halommdnes include [Ru(NH3)5X]2+,

[Ru(~)~21+, and [RU(NHJ&lO, where X iS Cl or Br.

Informationtaken frcm N. V.

Clymllounds, Vol. II, p. 1465,

the ~blisher.

Sid.gwick,E& ChemicalElements and Their

Oxford, London, 1950, with perndsslonof

10



The halo complexesof ruthemhun(N) are of the ty-p M=[Ru& ] and

M2[RuX4H] , where X i~ Cl or Br. AnhydrousRuC~ is unknown, but the

hydrated tetrachloridehaE been isolated as RuC~. 5H20. Other chl.oro

compoundsof rutheniumincludeRu(OH)C~ and Ru(NO)Cl=. Possible reactions

involvingchlororuthenlumspecies are:(46,*)

RU04 + 6 HC1 - H&lu~C4 + C~ + 2 H=O

&Ru@C~ + 2 HC1 + RuC~ + C~ + 2 ~0

RuC~ + ~0 + Ru(OH)C~ + HC1

Flucl$+ Rucls + l/2 c12

The approx::matepotentialsof the more imprtant couples of mthenium

(29)*
are a8 follows:

Volts 25°
Ru=Ru*+2 e------ --------------- -- -0.45

Flu+ +5 C1-=RuC&--+ e-- -------------- -0.3

Ruc~-- +~O=RuC~OH--+H++e- ----------- -1.3

RuC~OH-- +3& O= Ru04+5C1-+7H+ +4e- ------ -1.5

RU+60H-=RUOg-- +3&O +4e- ------------ -0.3

Ruo=-- + 2 OH- =Ru04+&O+2 e----- -------- -0.6

32. .4 Nitrosvl Conmlexea. A completedescriptionof the nitro

nitrosyhuthenium system of ionic species end their behaviorwould be

very lengthy. The work in tbls field has been followed seriouslyby

many(15’”’) because of the direct problem that have arisen with

rutheniumin processesinvolvingnitrate systems. Isolationof some

of these complexesand, in mane cases, nondestructivemeasurementshave

s Informationtaken from N. V. Sldgwlck,~ Chemi’calElements and ‘IbeiK

Camounda, Vol. 11, pp. 1476, Oxford, London, 1950, with permission

of the publisher.

~ Information*en from W. M.

Book of Inor~anicch~st~,

1947, with permissionof tie

Latimer end J. H. Hlldebrand,~ei%rence

rev. ed., pp. 417, Macmillan,New York,

PubUsher.
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provided some knowledgeabout the many forma in which rutheniummay exiet

in nitrate systems. Numerous studieshave been made of the various oxida-

tion states of rutheniumin nitrate and other systems.(6,U3,40) he

rutheniummitrosyb -e efiractable,which property aids

tion of the species,whereas others are not

precipitated,end not directlyreduced.

Only with a knowledgeof what species

extractable,

of ruthenium

in tie identifica-

not edally

may possiblybe

be used in aencounteredcan carrier or carrier-fYeemethods of assay

nitrate system titi confidence. In process waste Etreama from nitrate

systemss the radiorutheniumdoes not always accompanyrutheniumcarrier

unless the active and inactiverutheniumare oxidized and/or reduced timorously.

Nitro end nitrato complexesof nitrosylruthenlumare formed from

RU04 and rutheniumalloys by the action of nitric acid or the oxides of

nitrogenw These forms of mthenium often occur in processes,

especiallythose in which solvent-extractionsystems are used; they must

be removed by deposition(21,2’7)or be chemicallychanged to an unextract-

able form.(13)

Tbe isolationand identificationof some of the nitrataaqpo

uitrosyhuthenium cmuplexeshaving the general formulaR@@NOs)x(OH)3-x(&O)z

have been re~rted. (15) Sane of the propertiesof these coqmunds are

listed in Table 3.4.
(15) The methods of formationof some of these com-

plexes and others encounteredin radiochemdstryare suggestedin Fig. 3.3.(25)

Many of the nitrata complexesof rutheniumare derived from the parent

compoundrutieniumnitrosylhydroxide,HuNO(OH)=.

By the hydrolysisof the nitrate ccqlexes, pdymuclear species

such as the followingare formed.
(14)

/ ‘h
‘ooNo=”OH”&~@’wo(oH)2&o

The polyhydro~ complexationof radiorutheniumin alkaline solution

occurs frequentlybut is not fuJly understvaod.The formationof six- to

eight-ruthenium-atompolymers,which can be precipitatedas hydrated

12



Table 3.k. Nitrosv~thenium Com?de~e~(*)

Name Formula

Nitrosylruthenlumhydroxide

Nitro6yl.r’uthetiUmhydrO-
sulphide

Trhltrato NitrosyLmthenium

Dinitratonitros ylruthenium

Mononitratonttrosylruthenium

Polynuclearaquo-nitrato
complexes

SodiumTetranitronl+x’osyl-
ruthenium

Oxalatonitratonitrosyl-
ruthenium

Sulphatonitratonitrosyl-
ruthenium

Hydrogentetrachkmhydroxo-
nitrosyl.r-uthenate

Nitrosylrutheniumfluotide

RuNO(OH)~

RdiO(~)2.5(OH)0.5(~0)0.e7

[mO(N%)s(H@)s]2&0

[RuNo(No3)2@&o)21

[RUNO”N053”(OH)2(H20)21

(Mo)2Nos(oH)5

N@tllNo(NoJ40H1.2&o

~N8~5

RuNO”NO~”C204”~0

[RUNO*N03-~OA(&O)S]

HJRuNcm4Cd2E20

RUNO”F2.8(OH)0.4

Deecrlption

Dark brown aolld. Retilypeptisedby
water, acids, end sLMMs when freshly
precipitated.

Dark brown solid. Insolublein water and
in dilute acids and alkaUs.

Rose-reddeliqueacentsolid. SolubleIn
water, ethers,ketones,alcohols,esters,
etc.

Reddishbrown deldqueacentaolld. Soluble
in water, ethers,ketones,etc.

Brown hygroscoplcsolld. SolubleIn water
and lowerketones but not in ethers.

Brown aoldd. Ednble in water but not in
etheraand lower ketones.

Brown ao~da. Volubilityin water and In
ketones dependenton compositionand
method of preparation.

Orange crystallinesalt. Solublein water,
ketones,alcohols,etc.

Orange-brownde~quescent solid. Formed
OIIJYunder anhydrouaconditions. Soluble
in ketones,ethers,alcohola,etc.

Pink cryatil.ldnesolid. Solublein water,
insolublein organicsolvents.

Orangehy~oacopic solid. SolubleIn water.

Purple deliquescentsolid. solublein
water and alcohols.

Dark brown powder. Containsno complexed
fluoride.

* Informationtaken from Table 1 of J. M. Fletcheret al., J. InOrg.& Nuclear Chem.L, 379 (1955) with
permissionof PergamonPress, Inc.



l[RUNO(NQOH.H#]-

#
[RUNO(N0,),(OH)2]’

+
[RUNO(OHIJ’-

Fig. 3.3. Methods of Formationof Nitrato-nitiosylCornplexee

[Takenfrom TrudyKomissiiAnal. W., Akad, Nauk

mti. Q, 148 (1958).1
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oxide~ or remdn stible in solution,has been reported.(4’4) Radio-

ruti in this etate has been recogolzedas extremelystable, de~ng

oxidationand reduction.(39) Interchangeof rutheniumcarrier and

radlorutienium,when present in these stable polymers,requiresmany

hours of digestionat 60 to 800C. such Compuundeas sodium gluconate

and sugars complexruthenium stronglyin alkaline sotitiona.
(44) me

unpredictiblebehavior of radiorutheniumhas been observedin radio-

active waste-disposalsystemsin which allmldne solutions=e used.

3.2,5 Cyano sad ‘TMo lexes. Ruthenium(II) fomm complexes,

alJ ~f which &e of the type l&[Ru(CN)e] correspondingt.athe femo-

cyanides.(~) ‘When chlorineis paesed into a solutionof potassium

rutbenocyanide,U[RU( CN)e1, stableRu(CN)s”5&0 can men be isolated

after precipitationwith HzS04.(4-6)

The thio complexesof rutheniumare usue.ldyhighly coloredand

(IJ,26,52,53)
are used mostly in ionic assayw. !hese complexes sad

others(1) have not been used directlyin radiochemistry,although their

applicationsin ion-exchangeatudj.es(3’7)have been reported. However,

direct s~ide precipitationsof rutheniumhave been used in radio-

rutheniumseparation.
(16)

The MO compkxes of rutheniumhave received couiderable attention

in apectro~otanetric work. Strongly colored thiorutbeniumccmplexesare

formedwiti tbioureaend derivativesof tbiourea

N=%
S=C<

N=%

where R is H or the alkyl, sz’yl,or NHRl group.

of tie general form
(43)

~ese complexes-e

formed in a stronglyacid solution,preferablyhydrochloricacid.

Ruthenium(III) and ruthenium(IV) in perchloricacid solutionfomn

blue-~een chelate complexeswith thiourea of the types Ru(III)[HNC-SN&1+

(43)
and Ru(III)[ENCSN&]g, reSPect.LvelY. Ruthenium{111) and rutbetiun(IV)

in perchloric

Ruthenium(IV)

acid react sidlarly with tbiocyanatetm form Ru(CNS)*.

is reduced at the expense of the thiocyanate.
(52) The

15



C-reds related t o tiioureahave been investigatedfor formation

of camplexeswith ruthenium.
(26)

A swmmmy of the thiourea-t~ reagents

for mtbenium is presented in Table 3.5.
(43)

Table 5.5. Cd.orimetrIc 7Miourea-tyueReWenta for Ruth rdume
~(%)

y&

1

2

3

4

5

6

7

8

9

10

U
-%%

---------------
a The mthenium ccmpmnds of 5,

extractedwltb ether. Osmium
but not with 2, 3, 5.

* Taken from Table 100 of E. B.

Iiimitof

Color of Produck %2ii2
Blue 0.08

Blue 0.08

Red 0.13

Violet 0.13

Red + green 0.14

Violet ----

Violet 0.025

violet 0.017

Violet 0.025

Red 0.6

Violet ----

7, and 8 (and perhaps others) can be
reacts with 6, 7, 9, IJ (green colors)

SandelJ, Cd”orimetric Determination @
?races of Metals, 3 ed., P. 782, Interscience,New York, 1959, with
meslon of me wb~sher.
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4 . WI s of MaterLQs that ContainRad10active Ruthenium

4,1 T’y_oesad Pretrea~ent of Semples

The followlngis a Met of the types of samples that may contain

radloruthenium;rediochemicalproceduressuggestedfor use in their analysis

are indicated (the proceduresare appended):

4.1.1 Fuel FYocess Solutions,etc. These samples containvarious

amounts of fission products in aqueous solutions.

suggestedProcedures: NOS. 1, 2, 3, 8, 10, 12, 13,’14, and gemaa-

ray spectrometryif possible.

4.1.2 Orm.nic Solvepts. SuggestedProceties: NOB.

and gsmma-r~ .spectrcimetry.

4.1.3 LSXRe Volumes of Water. If low

necessltitethe handling of large volumes of

are sometimesin order.

concentrations

water, special

4, 10, w,

of activity

techniques

SuggestedProcedures: NOS. 3, 5, 6, end ~sBib~ gmma-ray

spectrcmetry.

4.1.4 SQil Semles. samples of earth and mud should be dried and

weighed prior b any other treamt since it is usual to repart the

results in terms of tie weight of soil.

SuggestedProcecbres: NOS. 1, 2, 7, 8, 9, 11, 19, &ad pussibly

.gama-rayspectrometry.

4.1.5 Vegetationand Biol.mj.calMateriq. Vegetation shouldbe

dried, ~wdered, aahed if the sample Is very bulky, and weighed. ~cedure

2 may be used without furtherpretreatmentof the sample. Rocedure 3

requires a pretreatmentby boiling with suHuric acid. If thel?2iSsuffi-

cient rsdioactiviti,it may be possible to use gamma-rayspectrme~

without destructionof tie powderedmaterial.

Wet-=hing is required for most biolo~cal.materiaM; w of the

foldcmingpmceduree cam then be used: NO. 2, 7, 8, 20, or gama-ray

spectrometry.



4.1.6 Solid Uranium Salta and Ruthenium-UraniumAlloys. C=e must

be exercisedin the dissolutionof various so~ds to prwent otidationof

rutheniumto the tetrotideand the resultartloss by volati~zation.

Uranium trioxidesmd U02F2 will dissolvein hydrochloricacid solution.

Other solids of these types may dissolve in sulfuricacid if a L1.ttle

hydrochloricacid is added to ~revent oxidation. Fusion with sodium

hydroxideand potassiumnitrate or with pots-ssiumcarbonateand sodium

perbxide has been used to dissolveUF4. After the sample is dissolved,

Procedure 1, 2, 3, E!, or gamma-ray spectrometrycan be used.

b.2 Isolationof Rutbeniq

4.2.1 Elec~ dewsitioq. me polarographicseparationof RulOg}1-

flmm fission product Bolutionhas been reported.(2) The ruthenium,

togetherwith technetium,emalgmates with tie droppingmercury at -1.55

volts vs. the S.C.E. The mercury is removed from the fission-product

solutionby fallingtbrougb it into carbon tetrachloride(see Procedure13).

In the electroplatingof mthenium, the ccunpoundrutheniumnitroso-

chloride,RuNOClg, is generalJyused. A suggestedplating mixture and

conditionsare:(*)

8gof~asRuN~&

~ JnlOf SU~riC acid

lgalofko

Current density,20 to 30 amp/ft2

T-. , 130 to 170°F

Ihriw the pre~ation of rutheniumsomces at the Oak Ridge

National Iaboratiry,the synthesisof RuNCC!~ twice resultedin unex-

plained explosions.
(41)

An .electrol@icmethod for determiningradiorutheniumis described

in Procedure14.(7)

* Informationtaken horn Metal ~nism~

Metals and Plastics Publication,Inc.,

permissionof the publlsher.
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4.2.2 Ion-excbsue SeWatio ns. In the most promisingion-exchange

sep~ationa of ruthenium,adon-t~e resins are used. Several types of

resins have been studied carefdly.(37) The adsorptionof ruthemium

frum solutionsof various acids onto Dowex-2 resin has been studieil.(5)

The adsorption&acteristics are indicatedIn Fig. 4.1. !lhesestudies

o.~~
0.4 4.0 40 400

ACID CONCENTRATION, #

Fig. k.1. Equilibria Adsorptionof Ru(IV) onta Ibwe.x%?frum Mi.ne-

Acids. [ma well frcssAnal. Chem. & yk (1959),Figs.

1, 2, emd 3.1

=e Interesting;however, ion-exchangehas not been ueed extensivelyin

radiorutheniumseparations. The use of cation-typeexchangersfor the

separationof redlorutheniumhas not shown promise,perhaps because of

the ease of formationof emionic type complexes. !lIheunpredic~ble

behavior of rutheniumtoward cation exchangers,particularlyin process

type seanples,haa been observed.
(50)

For au appreciationof the ion-

exchangebehafior of rutheniumin nitrate systems,the origl.nall.lter-

~%e(2,4,5) should be read.

!Ibeion-exchangepropertiesof rutheniumhave received consider-

able study relative to fission-productweste-dls~sal schemes. A

s~ of the results of a rather comprehensiveinvestl.ga.tionof tie
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exchange characteristicsof various mineralswith respect to ruthenium

under usual waste-disposal contitiona is @ven in Table. 4.1.(39)

Table 4.1. MineraL8 ExMbitinu the Highei3tPercentaae of,&mo Val
of Rutheniumin Order of ~eir Relative Effectiveness~*j

Amount Rmnoved after Indicated Contact Time, $

Mineral

Copper in conglomerate

Descloizite

Copper

Fuchsite

Zirconiumphosphate

Cuprite

Chalcocite

Barium chromate

smaltite

Glauconite

Remmelsbergite

Chalcocite

Diginitein pyrite

Copper in conglomerate

Fuchsite

IJnlonite

Realgar

Copper (native)

Psilomelane

Sphalerite

53.7
46.3

45.9

72.2

57.0

56.2

29.3

49.7

31.3

y.1

Four daYa ~6 hr a% 60”c

Reducim Conditions,PH7

73.7 9.2.7

72.3 91.5

72.8 91.1

80,7 89.7

79.0 87.0

78.6 85.7

48.3 82.2

78.6 81.0

62.4 77.8

61.1 76.6

Oxidizing Conditions. ti>l~

44.4

26.1

25.2

25.2

2k.7

21.5

21.1

19.2

1.8.8

17.4

● Taken from S. J. Rimshaw and D. C. Winkley, 0RWLCF-60-4-17 (Aptil,

l~)j with pemuissionof the -thors.

4.2.5 mSti~ tion.

tetroxide,usually from an

5e

acid

distillationof rutheniumas ruthenium

solutionthat containsa strong oxidant,
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is accomplishedwith ease (see Sec. 3.2.1). It affords a separation

scheme for rutheniumfrom other fission‘productsthat is rapid and

completeand for which there is excellentlikelihoodof interchange

between carrier and radioactiveruthenium.

Stice many of the proceduresinclude a distillationstep, a typical

still for the disti~tion of rutheniumas rutheniumtetroxide,RU04,

iS shown in Fig. 4.2.

4.2.4 Other !fechnicIues. The direct reductionof ruthenluuito

the mew with magnesiummetal aufflcesto a Hmited extent tm sepmate

ruthenium from other flssion products.

In another direct techmicjye,ruthenium ceuzri.eraud rsdiorutlaenium

are extractedas a nitrosyl compund tito trlbutylphosphat~co

solulzion.(45)StiU another direct techniqqeexploitsthe high extract-

ability of rutheniumtetroxideinta carbon tetrachloridefrom acid

solutions(see Sec. 3.2.1).(33)

4.3 Determinateon of R@j.oact4veRuthenium

me choice of countinginetmmentation for redlorutieniumis

deterndnedby the ratio of’RulOs h RU1* and/or the nucktde sought.

4.3.1 Beta COunting. The end-windowGeiger-Muellercounter‘is

used when RulOe is the U@ or rutheniumactivitypresent;Ru106 is usuaJly

determinedby countingthe more energeticbeti ptiicles from tie PhlOe

daughter. The detetinatlon is commonlymsde by Imerting an aluminum

absorberbetween the samplemount end tube window to absorb the beta

activitiesof Rulm and RulOs (see Figs. 4.3 and 4.4).’21) The absorber

should allow most of the beta lxn’titlesfrom Rblw ta penetrate;a tit,able

correctionis made for loss of Rhlo~ be- in the absorber.

43. .2 Gamma Coumting. Gamma-ray spectrometryhas been very useful

in the determinationof various redionuclidesfound in mixed fission

products. It is frequentlypssible to determinerutheniumby means of

gamma-rayspectrometrywithout any chemicalseparation. Spectrometric

21
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techniquesvary with sample type, samplehi~tory, actititylevel, ti the

type of spectrometeravailable. It is usuald.ydesirableto avoid chemical

separationsIf a gmmua-rayspectrometerwill do the Job. Reference

8, 10, 22, 30, 35, and 42 give the informationand describethe technicjpes

needed. A gmma-ray spectrometeris frequentlyused ta determineRuzo=

have compiledconsiderabledata on countingprocedures. The gamma spectra

RII1’Jeand of RUi03 are shown in R1.gs.4.5 and 4.6,respective~,of Rul~-

4.3.3 SelectedProcedures. Selectedredlochemical.proceduresfor

the determinationof rutienium m-e appended. Some of these have been

copiedverbatim from the source indicated. When a procedurerefers to

referencesgiven in the scrurce,those referenceshave also been copied and’

are listed at the end of the procedure.

The authors have had experiencewith l?rocedures1, 3, 6, T, 9,

10, and 19. Of these, Procedures1, 3, and 10 have been used extensively

for samples of mixed fission products from process stream, etc. fio-

cedures 1 and 10 include disti~tions from perchloricacid, whereas

Procedure 3 does not require a distillation. Procedure10 is used for

samples of orgsmlc solvents. Procedure6 is an adaptationof Procedure

3 and is used ta separatentheoium from large volumes of water. Procedure

7 is a distillationfrom potassiumpermsaganatesolution;it works we~witb

vegetationor biologicalmaterial. Procedure9 has been used extensively

with samples of soil. The leach solution of 3 ~HCl~.1~~ mentioned

in Procedure8 has been tried with mccess on insolublematerials.

Procedure19 has also been used for environmentalsamplesafter they

were leachedwith 3 ~ HC1+.1 g HF. No one of the proceduresIlsted

above haa proved satisfactoryfor all types of smples.

Many of the analysesof process streams (when the history and age

of the material is known) have been done by meaos of gamma spectmmetry

without destructionof the sample. It is highly recommendedthat this

method be used whenever @ssible.
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PmxmJRE 1

ImprovedDeterminationof RutheniumActivityin Fission

Smmce: Glendenin,L. E., Paper No. 260, p. 1549, in CoryelJ_,C. D.
SugarmanjN., RaJMochdcal Studies: me Fissign Products,
McGraw-Hill,New York, L951

A. Preparation=d Standardizationof Carrier

and
Book 3,

Commercialruthenium chlorideis usually a mixture of the hydrated tri-

chl.orideand tetracbloride. Dissolve26 g of commercialrutheniumchloridein

1 liter of O.~HCl. Pipet 5 ml of carrier solutioninta a 250ti Erlenmeyer

flask and add 25 ml of ~o and 2 ml of

metal in small ~rtions, shaking af%er

Aerosol solutionto minimize frothing,

precipitateis we~ coagulatedand the

EhJ HC1. Add 0.4 g of powd~redmagnesium

each addition. Add a few drops of

and boil gentlyuntil the zuthenium

supematant

colorless. Continueboiling for 2 min. Add 10 ml

the excessmagnesium sndboil again for 2 min. If

solutionis clear and

of 12.kJHC1 slowly to remove

the supernatit solutionis

not perfectly clear and colorlessat this point, add”anotiersmall portion of

magnesium and boil (if the reductionis stilJ.incomplete,discard tie sample

and stit another). Filter cpantitativelytith auctiononto a weighed fiintered-

glass cficible. Wash three tties with 5 ml of hot &O, three times with 5 ml

of 95 per cent ethanol,and &ee ties with etherj rinsing down the inside of

the cruciblewith each portion of the wash Mquid. Wipe the outside of the

crucible c=efdd.y with Kleenex or Hntless cloti, and dry at UO°C for 10 min.

COO1 in a desiccatorand weigh.

B. Procedure

w- Place not more then 5 ml of a uramyl nitrate sampk in a

distillationflask (Note 1) and add 2 ml of rutheniumcarrier,10 mg each of

1- end Br- carriers,1 g of’NaBiO=, 1 ml of 85 per cent H@134, end 10 ml of 70

per cent HCIO+. Heat gently ta boiling snd ‘&en distill the rutheniumrapidly

(avoid bumping) into 12 ml of @ NaOH (Note 2) in a 50-ml centrifugetube

placed in an ice bath (Notes 5 md 4).
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PROCEDURE 1 (Continued)

w“ Aid 3 ml of ethanol to the distillate,

.miirlhg over a free flmne , and centrifuge(Note 5).

in 10 ml of H20 contMning 1 ml of 6M NaOH (Note 2),

centrifuge.

heat just to boi13ng by

Suspend the precipi~te

heat just to boillng, and

EL!2FQ” Dissolve the precipi-te by heating Just to boiling in 2 ml of

6hJHCl, and add 10ml ofH20. Add 0.2 g of Powderedmesium metal in 6mall

portions, shaking after each addition. Add a few drops of Aerosol sotitionto

minimize frothing,and boil gemtlyuntil tie fithenlumprecipitateis well

coagulated. Continueboiking for 2 min. Add 5 ml of W_ HC1 slowly lm remove

the excess magpesium,and boil again for 2 min.

Ste~ 4. Filter with auctiononto a weighed filter-paperdisk in a small

Hirsch funnel (Note 6). Wash three times witi 5 ml of hot &O, three times

with 5 ml.of 95 per cent ethanol,and three tfmes with 5 ml of ether. Dry the

precipi~te at llO°C for 10 tin, weigh, aud mount (Note 7).

Notes. 1. An all-glassstill of 50 ml.capacitytith en arrangementfor

slowly passing air through the digtillant(one to two bubbles per sec~nd]is

necessary throughout the distillationta prwent suckbacks.

2. The 6~ NaOH reagent should be kept free of silicaby storingin waxed

glass or preferabl.yin hard rubber.

3. The distillationflask is heated gently at first to ensure the complete

oxldatfonof tie halogensbefore they can be volatilized. When the mixture begina

to boil, the flask is heated stronglyto UstiJ1. the ruthenium;care is tsken

tm avoid bumping. &me RU04 (as a yellow oil) begins to distill Immediately,

owing to oxidationby NaBi09. The solutionis distilleduntil the HC104 begin6

to fume, at which point any remainingrutheniumdistills. The distillationis

then continueduntil 1 to 2 ml of HC104 has been distilled;this reqyires 1 to

2 min after the fuming has begun. !l%ereceiveris then lowered,the delivery

tube is rinsed with a littlewater, eud the heat iE removed.
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PROCFJXiRE1 (Continued)

4. It is necessaryto keep the solutionin tie receiverbasic duzdng the

distillationin order to avoid the loss of Ru04. TheU2’mlof~NaOHis

sufficientta give good results with a sample containingas much as 50 milM-

moles of KNOS (or HC1).

5. If tie precipitationis incomplete,8s indicatedby a colored superna-

tant solution,the solution shouldbe neutralizedwith cone. HC1, lml. of @

NaOH should then be added, and tie heating with alcohol shouldbe repeated.

6. The filter-paperdisk is washed tith ethanbl end ether and dried under

the conditiom of the procedurebefore weigbbg.

7. The precipitateof rnetaUic mtbenimn contdns a small amount of oxide,

and the weight is thereforeabout 6 per cent meater than tie weight obtained

by ignition tihytlrogen. The ratio of the mount of observedNthenium to the

amount of true rutheniumIS qpit.ereproducible,huuever, end the method is

satisfactoryif the s~ zation is tie tier tie same conditions.

PROCEQRE 2.

me De@@ natim of FZssicm Pro& Ct Rutheniuq

Scurce: R. P. ~Sell, L. E. RoSS end

Transfer an tiqyot containingfrcxs

counts to a 50-ml beaker. Add 5 ml of 6

Gwendol.ynKesser,ANL-5810(1957)

lo= to 104 rutheniumgwznaor beta

~ ZuMurlc acid, 0.5 nll of rutklwum

carrier (5 W) sad heat ta fumes on a sand bath. (The los13of rutheniumfrom

mch~fic-~tfic mid sales -W mS step IS prev=ted by tie prior

sdditlonof exce08

of water and stir.

of the t~ shown

12 ~ hydrochloricadd.) Afkr coollng,

Transfer With several. 6 u ~c acid

in FQme 1.* After placing tie deuvery

C.snWfuxlysda5ml

mdd.nge ta a still

arm of tie stild in

* See Fig. 4.2 of tbiS mo~~.
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PROCEDURE 2 (continued)

the receiver,add 5 ml of 12 ~ soCLbs.mhydroxide ta the receiver and a el!.uryof

ice and water ta the coolingbath. Slurry 0.5 g sodiumbiamuthatein 6 Q

s~c acid and transferta the sti~ with several.6 ~ acid rinses. Adjust

the air supply to about 2 bubbles per second end distilluntil 5 ml of water has

been distilled. Transfer tie distillatetn a 40-ml centrifugecone witi water

SJIdtilute tO 25 ml. Add 5 ml of 95 per cent eiihenolaud heat b boiling. After

the mthenium is well coagulated,centrifugefor 10 minutes and pour off the

supernate. Dissolm tie rutheniumdioxide h 10 drops of 12 ~ hydrochloricacid,

transferto a 3-ml test tube with water and dilute ta 2 ml. Assay for gmuma

activityin a well-type scintilhtion counter. If a beta essay is desired,tie

rutheniumdiofide is collectedon a smsdl filter paper, using a filter _ey

assemblywed witi alcohol, and nmunted for cmnting.

PRccEmRE 5

Whemical Determinationn of Fission RutheniwninAou eous Soutmma .
A NOBdiStimtiO n Technioue

Scurce: R. R. rnckard

Rwthenium cmier, 10 to

RuCIS .x&O in dlstllJ.edwater

emd E. I. Wyatt, Anal. Chem. ~ 50 (1959)*

REAGENTS

15 mg. per ml. *- by diS.901~ ~ ~&US Of

and dilutingto 1 liter. Stidardlse in triplicate

by pipetting 5m11. allquotOof tie Otmk solutioninta 125*. tiknmeyer flasks

and acidifywith lo ml. of 6 ~ hydrochloricacid. Rest in a hot water bath to

80° b 90° C. and add granulatedmagnesium slowly to reduce tie ?.utietiumto

the metal. After coagulationof the rutheniummeti, dissolvetie excessmag-

nesium by dropwise additionsof concentratedhydrochloricc acid. Filter the

* copyri@t 1959by tie Americ= C’htiCBI-Socie@ d re~ted by _SSiOn
of the copyrightowner.
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rutheniummetal while hot

wlt.bhot distilledwater,

PROCEDURE 3 (Continued)

through a -ed medium-fineglass frlt, W* the metal

and dry with ethyl alcohol and dlethyl ether waaheE.

Desiccatethe frit in a vacuum desiccatorfor 10 to 15 ndnutes, then remove tie

frit and weigh. The cemrier yield cm be expectedta be between 10 aud 15 mg.

per ml.

Zirconium carrier, approxhately 10 mg. per ml. R?epereby dissolvi~ 35

grams of 2roc~ .8&.oIn 1 liter of distilledwater.

PROCIWRE

~pet au aMqgot of a sample inta a 50%1. glass centrlf’ugetibe, add the

rutienium camier and 2 ml. of concentratedhydrochloricacid, and heat to

boiling. Cool, and cautiouslyadd 16 ~ sodiumhydroxidedropwisewith frequent

stirringuntil hydrolysisof the mthenlum is evident,then 1 ml. in excess.

Add 20 b ~ ml. of a saturatedw-slum periodatesolutionh distilledwater

and~ while stirring,slowlyheat im boiling over a flmne. Add 1 ml. of 5* Sodium

hypocbloriteand digest the solutionat room temperaturefor 10 mimItis. SOdiUM

hypochloriteensures the oxidationof any nltiatinitrosylruthenium. The color

wild chmge from an orange to a greenishbrown. Absorptionspectra indicate

the presence of ruthenate (5) and perruthenate(1, 8) ions.

Add 1 ml. of zirconium carrier, stir the solutionthoroughly,end centriflzge.

Discard the precipitatewblch cent.dnsmost of the fimion products. Decant the

clear supernate inta clean centrifugetubes and add 1 ml. of zirconiumcarrier.

Stir the soluthn well and centrifuge. Decant the eupnmate inta clean centrifuge

tubes, add 1 ml. of ethyl alcahol, stir, and digest in a hot water bath ta coag-

ulate the hydrated rutheniumotides. Cool, centrifuge,and discard the supernate.

Wash the precipitatewith 2 ~ sodium hydroxide,stir, centrifuge and discard

the wash solution. Dissolve the precipi~t.ewith 2 ml. of 6 ~ hydrochloricacid

with occasionalheating over a flame. Add an equal volume of dlstildedwater

and add nageslum

After coagulation

metal turnings slowly b reduce the rutheniumb the metal.

of the‘rutheniummetal, dissolvethe excess magM3siuM tith
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PROCEDURE 3 (Continued)

concentratedhydrochloricacid. Centrifugeand disczmd tie supemati. Wash

the rutheniummetal with hot distl~ed water, centrifuge,and dlscti tie wash

solution. Dissolve tie rutheniummetal with severaldrops of 16 ~ eodium

hydroxSde and 2 rd. Of 5$ sodium ~chl.orite (4). Sufficientalkali is needed

to prevent vulatillsation of mthenium tetamxide. Heat g~tly over a fbme and

stir b obt#aincmnpletedissolution. Add 5 ta 10 ml. of distilledwater and

1 ml..of sirconlumcarrier. Stir the solutionand centrifuge.

!&anefer the eupernatantliqpid inti a clean centifuge tube and add 1 ml.

of ethyl alcohol. Digest in a hot vater bath to reduce and coagulatethe ru-

theniumhydrotide. Centrifugeand discard the solution. Weah the precipitate

with 2 ~ sodium hydroxide. Centrifugeand discard the wash solution. RLssalve

the precipitatewith 2 ml. of 6 ~ hydrochloricacid. Heat over .sfleme ta

dissolve the precipitatecompletely. Reduce the rutheniumto the metsl by care-

ful edditlonof megpssiummetal. Ssirl to coagulatethe metal, dlasolvethe

excessmagnesiummetal with concentrded hydrochloricacid, and centrifuge.

IkLscardthe liquid end w8ah the mea precipitatewith hot distilledvater.

Mscti the water wash solutJon. Collect the metal.on a tared filter paper

(2-cm. diemeter),end wash with hot water, 95% ethyl alcohol,and dletiyl ether.

Weigh, mount, and count the isolatedmithenlum.

References frm the Eburce

1. Connlck,R. E., Hurl.ey,C. R., J. Am. Chem. SOC. ~, 5CLK(1952).

. . . . . . . .

h. Hopkins, B. S., “Chapterein the Chemistryof the Less Femlld.&Elements,”

Vol. II, P. 23, Stipes FubllshingCo., Chmopaign,Ill., 1939.

5. WehaU, E. D., Rlckard,R. R., Anal. Chain.& 795 (1950).

. . . . . . . .

8. Stoner, G. A., An&l. Chem. ~, ~ (1955).
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PRCCEulRE4

An ExtractionMawd for tie Detemlnation Qf Radiorutheniulu
in Ormsnlc l.eB

Source: D. W. Shannon,HW-48736 (1957)

PmamlRE

The extrac~ons are carriedout

The solutionsare dtlrredby a motir

The procedureis outlJnedas follow:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(m)

(ii)

(12)

in a 60 d open top EIeparatiryfunnel.

&i.VeLl C=tXifll@ = Btil%’illgrod.

TO a 60 ~ open top seperatcmyfunnel add,

(a) 3 ml rhsndardorganicRu carrier,~curately measured

(b) SemPle

(c) One drop of phenolpbtialein.

Stir for one (1) minute.

Continue stirringsad add 5 ml warm 1$ Ih.OH.

Continue stdrringfor 45* seconds.

Continue stirringh @i glacialacetic acid dropwiseuntil tie

red color ~u~t dlsa~a. Add @8 drops excess.

Stip stim-erand let stand for one mbute @le phaeee sepexate.

Draw off bottas aqueous layer only Inb a rutheniumdlstillatdonflask.

Repeat steps 3_7. Add each

flask.

To the distillationflask:

carrier (RuC1.S],accurately

To a 50 ml glass centrifuge

When the distillationflask

3-4 ml of 50 per cent &IQ

aqpeousphase ta tie same dlstilkti.on

Add 2.00 ml.of

mauured. Add

stand& aoueousruthenium

5 ml &o.

tube, Introducelo ml of 6 E E(X.

is in positionready to distill add:

(periodicacid). Imedlately connect

the distillationflask ta centrifugetube receiver. With compressed

air s~@ng, distillRu04 for ten minutes.

Remove the receivertQ a separateholder and add povderedMg in amald

increments,uiti ahsUng after each eddltion,until excessMg is present,

34 ‘



(13)

(lb)

(15)

PRCXXOURE4 (Continued)

Place h bolkl.ngwater bath, boll gently until tie Ru precipitateis

weld.coagulated. While heating, diasohe exce6s Mg by the dropuise

additionof concentratedHC1.

Using a Hirsch funnel and suction,filter the Ru water slurry through

-ed No. 41 filter ~pr. Wash:

3tinleswi=5niL hot&o

3thne6titb5nil e-1

3 times titb ethyl ether

Mount the ppt. and count the beta actiti@.

The organic carrieris prepred as folJmm:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Toa50m1’1mbe addabout2g RuC~, 3mlof6~HCl, aud10ml~0.

Heat in a water lath and slowly (over ~2 hotu) add about IQ g of

m% (IxM.assiulllrdtrite). Heat until the solutionbecomes a c-

yel.low_browncolor.

slowly: Add 6 ~ HN09 dropwleeuntil tie vtolent fro- subsides.

Then add 2-3 ml concentratedHNOg. Heat for about 5-10 minuteB. If’

the solutionis heated too long the yield till be lowered. Solution

ahmld turn a very deep red color.

Extract about 10 tim3 with 25 ml Uqyots of TBP (Wbutylpbo@wate).

Dilute wltb an eqyml volume of SSB.

To removewater, filter through a porms paper, or allow to SW

overnightthen decant.

Staudar&se by eorbractlng3 ml of the c?u’rierby the procedureabove.

S-pikein about 10 u accuratelymeasured sten- RU (aqgeouaRuCI.S).

Reduce viti Mg metal and wela the precipitate. Subtractthe weight

of tie Ru spike - tie tcIt4L
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FR03EMJRE5

The Determinatlon of Radio-Ruthenium3.REffluentand 9e.aWate~

Source: B. A. Loveridgead A. M. Th-&ERE C/R 2828 (1959)*

B.

1.

Special.ream nts required (etter IGO-AM/W70,ref. 121

Ruthenium carrier SOIUtiolm:

Dissolve0.75 grmnsof rutheniumtrlchlorldeh 50 ml. of water,

grams of sodiumhydrwxide aud 2 grams of potassiumpersulphate. Heat

When tie precipitatehas dissolved,add 0.5 ml. of methyl alcohol aud

to boiung.

stir

tbomughlym Digest tie mixture near the boiling petit until the precipi~te

c~lates, then centfime tie solutionand discani the supernatantliquor.

Waah the precipitateonce with boiling water and dissolveIt in 50 ml. of hot

2.5 ~ sodiumhydroxide sohtion Conmning 2 grsms of potassiumpereul@ate.

Cool and dilute t.aabout 100 ml. Add 2 ml.

to 5 ml. of potassilnllperiodate- potassium

50 ml. standardfhsk and dilute to volume.

of the pre~d -er solmtion

hydroxidereagent (see below) in a

Measure the optlti absorbencyof

this solutionin 1 cm. cell at 470d. Dilute tie rutiemlumc~er solutionby

proportionso tit the absorbmcy of a 2 ml. allquotIn the allsallne~rlodate

reegent lies between 0.6 and 0.8. Prepare a c.sMbratlonchlxrtUsx 0.5, 1.0,

1.5.and 2 ml.

absorbency.

2. m-slum

Dissolw

in200ml. of

of the final ruthemlum carriersolutionta determinethe optical

,,

periodate- potassiumhydroxitiresgent:
,,

~ _ Of ~tSSBi~ hydroxide8rld10 ~51S Of POtSSSilUl~OdSte

Vater.
,,

* Material is taken from this sciucewith tie permissionof the 8uthors snd
of the Atandc Energy Rese=ch Es*ldshment, Harwell,nr. Didcot,Berkshire,
EngMuld.
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HKKEWRl ~ (Continued)

c“ ~

1. Tolllter of-in allj2-2 Ilter

beeker, add 10 g. mtaesium pereuJ#late,

2ml. luUlmliumtier, endm gof

p-slum ~de .

Sea ifa~: Md 5 g. pmlemhm peaxlate

end heat at m°C-g50C for 15 mimtea.

%tir mmheaically b prevent %nqpinf.

ZuJwrk BoQfor151dJmteo, th=l add

5 g. PO-sim Qeriodate, ead heat go”c

for a i’urUmr 15 mimtes.

2. Cool the oolmtion,Iauueferit to a 1

Ilter Conlcnl aepamstoryrllnnel,0-

me-eally aud neulmdlne witi 16 ~

llitriCadd ~ * S- cObur

li@&lle. Add20ml. mbon

~ti.

(m * -e Or mea water ecm~e ..

additicmor nitric acid dropuiaemtil

precipl-tad hydroxitie- dlasolved)

Add 1 ml. 16 ~ llitriCecid in excess.

ContUmu to stir ~ly ror 1-2

mi=ten. - the wen to m~te.

Remve W or-c @ewe into 50 ml.

centrifuge~.
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Or pm68i~ ~te,

potMsilm hydroxideead

pteeaium periodate ehouldbe

-cd ~-te4.

R3rall@ of<lOOml., uee

1 ml. of tutheniuncarria.

me ~ l@pFale Oddative

attack au effluemtis neceeeary

fbrwccqlete lwomsryof

radio-rui3imitm.

Forlmml. aiqlotsaddmly

M ml. mbm te~de.



PRW3DURE ~ (Continued)

3.

4.

5.

6.

Add a further

tetrachloride

1-2 minutes.

10 ml. portion of carbon

and stir vigorously for

AUow the phaaes ta

separate,tien rmove the organic layer

Inta a second SO ml. centrifugetube.

Repeat the ex&action with a third

10 ml. portion of c=bon tetracbloride,

adding it b the second centrifugetube.

Discard tie aqueous layer.

W-h the organic extractsby stirring

tith 10-15 HUS.of water. Allow tie

phases ta separate. With a dropping

pipette remove aud discard the bulk of

the water. Centrifugeboth tubes

con-baitingthe organicphase end c=-

fWJY c-tie the orgaulc layers in a

single clean ~ 50 ml. Oenizrlfuge tube.

lb the carbon tetrachlorldeadd 1 drop

of Industilalmethylatedspiritswhile

awirllng. Then add a fiurther0.5 ml.

of alcohol,swirl b - tllorollgbly

and set the tube =ide ta stad until

the precipi-te coagulates. Centrifuge

for 5 minutes end discard the aupernate.

Emmy the

uiti a few

methylated

precipitatedrutheniumdioxide

drops of auhydmus industrial

spirits onto en aluminum

me additional portions of

carbon tetrachlortde- tied

~ly b recover residual

c=bon tetrachloridefrom the

flrwt extraction, enaufing

satisfaclmrychemicalyield.

me very

of water

ual.1.eof

when the

Sman resm.lalVonime

should cMng to the

the centrifugetube

organic layer Ie

transferred.

The pesence of any water

till en~ly prevent the

separationof coa~lated

ruthauiumdioxide,hence tie

inprtance of ccmpleteremoval

of the water phase in step 4.

!l%ealumhum abaorberIS

used b prevant the veak

beta of rutheulunl* rea.cblng
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PRXEDJRE 5 (Continued)

cobnti~ tray, using a droppingpipette ‘thegelger counter and

and rubber bulb. Evapmte off the necessitatingback-scatter

alcoholunder an iofra-redlsmp then end

beta-count12mou@ an aluminumabsorber for

(~ 7 mg. Al/d). -e tith the beta-

act~vity of standards prepared from an

1%11-l%h ,golu~~ of knoun specific

activity. (See Prep=ation of Reference

Stmderds:)

self-absorption

this isotop?.

.

correction

7* Remuve the precipitateof ruthenium Stip 7 is tbe only one in the

dioxideby tapping the bulk of the solid analysiswhich must be carried

inta a 50 ml. beaker. Dissolve tbe out strictlyq.mntit.stiwely

reminm using 5 ml. of potassium and tithout tiSS.

hydroxide/pot.periodatereagent dlowlng

tie reagent to flmw slowly from a

droppingpipette across the tray and

into tie beaker. Rlnee the tray with

a few drops of distiued water, aldmdng

the rinsings t.arun into tie beaker.

WarLOto complete solutionif necessary

and tmnsfer quantitativelyto a 50 ml.

graduatedstandard flmls and make up b

volume. Measure the optical absorbency

at 4~008 In a 1 cm. cell. Obtain the

chemicalyield by referenceto tie

absorbanciesdeterminedfor known

SJ@zots of the ruthenium cmzzier

solution.
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PIKXEOURE5 (Continued)

Preparationof Reference Standards

1. To each of six 100 ml. semplesof water,

add 2 ml. ruthenium ctier solutionand

a suitablevolume (equivalentta O.O1-

0.02 llcI“%lu) of a ruthenium106 solution

of known specificactivity. Addlg. of

patasslumpersulphat.eand 2 g. of ~tassium

hydroxide. Heat b 90-95°C for 15 nd.IIUteS●

2-3. Cool the solutionsand proceed to step 2 of the

method given above,using 250 ml. conical ~eparatory

funnels for tie etiaction with 10 + 10 + 10 ml. of

carbon tetrachlmide. The three portions of cdmn

tetrachloride-e colLectedin the ~ 50 ml.

centrifugetube.

4-6. Follow tie steps essentiallyu described. (Count

all six samplesto at least * 1$ precision (> 10,000

counts).

7. Dissolveonly three of the rutheniumdiomde samples

off the traya and determinethe chemicalyield of

each as describedIn step 7. Calculatethe number

of mlcrocuriesof l%u-%lh (tauntedas 1%)

on each of the three trays~ averege the obsened

actlvlty in countsper minute and so determine

the number of microcuriesof rutheniumpresent cm

the untouched trays by simplypropofion. Use

these me remddng trays as W3ndmi references

for compsadsonwith the beta activityof sources

of l’%u separatedflromsea water and effluent.

40



PROCEDURE 5 (Continued)

Reference~from the Source

T.

J2.

. . . . . .

‘The Determinationof Ra&lo-Rutheniumin SeaweedAshm, IGO-AM/W~0

(Februg, 1957) OperationsBrsnch,WindacaleWorks, U.K.A.B.A.

PRocEmRE 6

hi concentrations of Rutienium-m6 in Wat.q

Source: E. I. Wyatt and D. K. Smith, Method No. 2 21732 (R. 7-11-60),
ORNLMaster AuaJytiCal MezlualjTIO-7015,sec. 2

I. SCOPE

This method Is applicableta tie deternd.nationof Ruloe ~ ~ge volmes

of water. The lmrer limit of measurement is about l.ov ye/ml. No effort has

been made b detemine Ru109 in the presence of Ru1- be-e of low COUM.X

rates. Citratesj phosphates, oxalates, and the ?dneral acids do not interfere;

tartrat.esand g.lucosidesdo interfereby fonoing con@.exeswith ruthenium.

. . . . . . . . . .

v. mums

Ctier

Prepsre

1. See Methods No. 2 O@O ~ ‘Ree&nts,w and No. 2 ml, ‘Radiochemlcal

solutions.“

2. Ethyl Alcohol, 95$.

3. Ferric Nitiate solution,appro~tely 50 wt ~ (Fe(NO~)g=9&0.

by d.i~solvinglw g of Fe(N%) So!3%0 in water and tilu~ tie reat~

eolution ta 100 ml with water.

4. HydrochloricAcid Solution,approximately6 u HC1. ~ by

diluting 516HL of u.6 N (%$) HCI to 1 liter ulth water.

5. sodium HydroxideSolution,approxhnately16 M NaOH. Repare by

dissold.ng672 g of NaOH in water and dil.utdngthe cooled solutionto 1 Ilter

with water.

41



6. mes~um

7. PO*B Sium

VIII. PRCCEIIJRE

PROCEDURE6 (Contjnued)

Mets, !gxEullalatea.

Perfodate~ solid ~04.

1. Me~e out two l-liter

tito a sepaate 1500-mlbeaker.

2.

3.

4.

Heat the

Add about 5 ml of cone.

P@et a known volume of

-k3t portions of the water semples;pur each

Treat each te~t portion as follows.

HC1; then stir the solution.

RJ carrierinta the solution.

Add 1 ml of Fe(N09)s solutionand 1 ml of sirconiumholdback carrier.

resultingsolutionalmost ta boillng with occasionalstirring. Add M ~

Ns4H until the solutionhas a pH of 10. To the hot basic solutionadd &out 4 g

of Kt04 and boil it for 5 tin uiti stirring. Remove the solutionfrom the heat

source and allow the solutionto cool and the precipitateto settle (NOTE a).

5. !l?ranafer the supernatantsolutionb clean 1500-mlbeakers;heat the

solutionb boi~ end add about 20 ml of ethyl alcoholwith stirring. Boil

the solutionfor severalminutes, remove it from the heat eource, and allow the

RU02 to settle. Disc- the clear euperna%ut solution. (If mtbenium is one

of the maJor radl.oactiveconstituentsin the starting solution,it is usually

possible ta omit Step~ 6, 7, and 8; if so, transferthe precipitateobwned in

Steps 5 to a 50-ml glass centrifugetube ad proceedwith Step 9.)

6. !l?ransferthe precipitateta a 50-ml glass centrifugetube, add shout

3 ml of water, 3 drops of 16 M NaOH, and about

then heat it t.aboiling.

7. Centrifugethe mb%ure and decent the

centrifugetube. Discard the precipitate. To

2 g of KI04. Stir the so~tion;

supernatit ldquid inta a new

the supernakt liqyid add 1 ml

of Zr holdback carrier;stir end centrifugethe mixture.

8. Tkensfer the eupernatantMquId ta a new centrifugetube and add b it

about 5 ml of ethyl alcohol. Digest the suspensionin a hot water bath tn order

to reduce the ruthenatesand perrut.hemtes to ruthemb.m dioxide. Centrifugethe

mix?mre and discard the supernatantllquid.
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PROCEDURE6 (Continued)

9. Wash the precipitatewith hot water that has been made sll.ghtlybasic

with NaOH. Dissolvethe precipitatein 2 ml of 6 ~HCl (heat it gently if

necess~).

10. Reduce the oxidized rutheniumto metallic rutheniumby the careful

additionof small amounts of magnesiummetal. Swirl the mixture 3n order to

coagulatethe ruthenium. Dissolvethe excess~esium with concentratedHUl;

then centrifugethe suspension.

u. Discard the supernatmt liquid and wash the precipitatewith hot water;

discard the washings.

L2. T-e together a 25-mm dla watch glass and a Whatman No. 40 filterpaper

disk. Place tie tared paper on a small llirs~ funnel; then transfer the ruthenium

metal to the paper by means of washes with hot water. Filter off the uater by

means of suction. Wash tie precipitxitewith three 5-Inlpcrtions

three 5-ml portions of 95A ethyl alcohol,and ~ wztththree

of absoluteethyl ether.

13. place the paper ad precipitateon the watch glass in a

of hot water,

5-ml portions

vacuum desiccator,

evacuatethe desiccatm for 2 tin, release the suction,and evacuatef-tagain

for 5 min. Weigh the precipitateas nzthtiu me~ and mount it for beta counting.

For the mounti~ and countingprocedure refer to Methods No. 2 00355, “Gelger-

MueUer Counter,” and No. 2 0912, ‘Preparationof Recipitates for Counting.m

Notes

a. Potassiumperiodate convertsmthenlum to the rutienateand perruthenate

forms,which are soluble in caustic solutionsand which wIU not volatilizel%om

them.(2)
Referencefrom the Source

. . . . . . . .

2. R. R. Rickard aud E. 1. Wyatt, “RadiochemicalDetenoination

~thenium in Aqueous9olutions (A NondistlllationTechnlqpe),” Anal.

50 (1959).

of Flsoion

man. &
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PRCCEIURE7

Determhation Of RadicIrutheniLuuin VeEtati~ n or Biol,ouical Matefiala

Source: Private commnlcation frmn D. K. Smith to E. 1. W@it

ThiE procedureis an adaptationof procedure9.

me type of pretreatmentrequired of vegetationor biolo~cal materialusually

depends on the tne of vegetation,the bulk, the level of actitiiy~etc. In

general,all vegetationshould be oven-drted‘coa consxt weight. It may

then be crushetor ground and thoroughlymixed, aahed (if the volume needs b

be reduced)at a temperatureof no greater thaa 500°C.
(51)

Biologicalmaterkl.

must be eshed at 500°C or less.

1. Puce dry, weighed test partione of tie sample in a titillation’ flask

witi a flat bottmn. Add standardRu carrierand 25 ml of 9 ~ &S04. Boil the

mixture on a hot plate until the reaction ceasefl.

2. Add 1 g of KMQ end inunettlatelyconnectti the distillationflask a

condenserhaving en alr inlet and vapor outlet. Admit air in a slow, steady

atremn~ and submergethe vapor outlet In a 5CMnl glass cen~fuge tube that

contains20 ml of 6 ~ NaOH and that is standingin au ice bath. Heat the flask

until the solutionbolls

Introthe NaOH solution.

solution,and again boil

of flask.

vigorouslyand brown ruiknium t.etrcmidevapor paasea

IA the fleak cool, add mother ~mn of KKa04 to tie

3. m the NaOH solution,add 3 ml of ethyl ekohol,

and heat it In a boi~ter bath to precipi-te RUOS.

and discard the aupernatautliqyld.

4. Wash the precipitatewith 20 ml of boiklng water

Dlsctmi the contents

stir the solution,

Centrifugethe mixture

that COntahs 1 drop

of 6 E Na~. Centrifugethe mlxutre, and discard the eupernatantllquid.

5. Dissolve the

the solutionto 20 ml

until black ruthenium

rutheniummeti; then

precipitateby heating it in 2 ml of coQc. HCl; dilute

with water. hdd pndered magnesiummeti in amald portions

metal precipltites. Eail the mlxtiua to coa~liate

add cone. HC1 dropwiseuntil all the magnesiummetal
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PRXEDUIW 7 (Continued)

is itl.ssolved.Boil, cool, and centrifugethe mixture;

liquid.

6. Teke up the rutheniummeti in 5 d. of water;

discard the supernatant

filter the slurry through

a tared 2-cm dia filter paper (Wham No. kO) in a Euchuer funnel. Wash tie

metal with 20 ml of water; dry it by rinsing it wltb 20 ml of ethyl alcohol

and 2Q ml of dlethyl ether.

7. Place filter paper containingthe mthenium on a watch glass, and weigh.

Calculateweight of precipitate.

8. Mount the watch gless and paper on cardbo=d and cover them with

cellophane.

9. Count tbe mount on the second shelf of a end-windowGeiger+luellm

counter.

10. (s.)Calculate counts/minute.(b) Calculatefractionof Ru cwri.er

recovered.(c) Ditide counts/minuteby the fractionRu recoveredto obtdn

counts/minutein original solution.(d) Divide tbls value by tie fractionof Ru

leached frcm soil ti obtdn counts/minutein 10 gm ssmple of soil. (e) Ditide

by 10 to obtain counts/minuteper gn of dried soil.

8 Qf Flmsion RrOdlaCt Mix-hiree

Source: E. L. Geiger, Anal. C&m. ~ 806 (1959)*

A. SmecialReaaents

1. Leach Solutlon, 3 ~ HC1+. 1 ~ HF; required for insolublefilters,soil,

or tihed vegetation.

+ Copyright1959by tbe American ChemicalSociety and reprintedby petission
of tie copyrightowner.



2.

slightly

PR~EOURE 8 (Cent hued)

!IhioaceternideSotition,0.1 g/ml. Dissolve10 g of ~oacetamide in

W- distilJ-edwater. Mix the solution,allow it to cool, and tien

dilute it t.a100 ml.

3. RuthefiumCmrier. DissolveRuC~ o5Hz0 in water to give a soktion

hating a ruthenium concentrationof 25 ~m.1. No% standardized.

B. Procedure

1. Pkce a test ~rtion of the sample (or 25 ml of the leach solution)h

a 50-nilerlenmeyer-k. Add 1 ml of mthenium carrier;then edjust the volume

b 35 ml with distifiedwater. Swirl tie solutionto mix them; &en add 1 ml

of tbioacetsmidesolution.

2. Place the fl~k on a hot plate adjustedto mdn~ a temperature

between go” snd 100°C. Ib not boil the solution. Maintin this temperature

until the precipitatesettles to the bottom of the flask and the supernatant

liquid becomes clear (- 45 tin). FUter the mime throughH4 MiU1.pre paper.

3. Place the filter ~per that contins the ruthauiums~ide in a 50-ml

erhmmeyer flask with the precipitateto the both. Add 2 or 3 ml of 8 ~ KNOS

to dissolvethe precipitate. U&n the reaction iS complete,place the flask on

a hot plate. Boil the solutionto dryness and bake tie residueuntil fuming

stops.

4.

drynesg.

ti25d

Add to the residue 3 or 4 ml of 1.5 ~ HC1; evaporatethe mixture to

When fuming ceases, allow the flask to cool. Dissolvethe residue

of 3 ~ HC1-O.1 ~ RF sotition. Add 1 ml of ruthedum ctier, ad$.mt

the volume to 35 ml with dl.stilledwater, add 1 ml of thi.oacetsnidesolution,

and reprecipitateruthenium sulfide88 instructedin Step 2. Collect tie

precipitatefor counting.
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FRocmx 9

proceduresfor the Analysis of Some R- onuclidesMao rbed on Soil

Source: B. Ksbn, ORIJL-1951(1955)

1. Weigh duplicate10.0 gm. samples in 125 ml distillationflasks.

2. Add 25 ml ~ sulfuricacid and appro~ately ~ mg. ruthenium carrier

(weighedas Ru metal) and swirl to suspend soil. Heat to boiMng end boil,

while shaking,for 1-2 minutes. Cool In ice bati.

3. Add 1 gut.pdassium pemanganate and immediatelyconnect condenserhaving

air inlet and vapor outlet. Admit adr in a slow, steady stream, end submerge

vapor outlet in 50 ml glass centrifugetube, stantingin ice bath, end con-

taining 20 ml a sodiumhydroxide. Heat flask until solutionboils tigormmly

aud brown rutheuum tetroxidevapor passes inta sodiumhydroxide solution.

Let cool, add another gram pwksslum pennsm@nate to solution,and again

boil, to distill remai~ Nthenlum tetrotide. Discard contentsof flask.

4. To the sodiumhydroxide sol.utlon,add 3 ml ethanol,stir, emd heat in boi~ng

water bath b precipitaterutheniumdioxl.de.Centrifugeand discard supernate.

5. Wash precipitatewltb 20 ml boiling water containing1 drop sodiumhydrotide.

Centrifuge,and discard supernate.

6. Dissolveprecipitateby heating in 2 ml concentratedhydrochloricacid aud

dilute to 20 ml. Add powderedmagnesiummelal in small Wrtions until

black Fwthenlllmmetal preCipi=teS . Eoil to c-late rutheniummetal, then

add concen~ted hydrochloricacid dropwiseuntil all magnesiummetal is

U ssolved. Wil, cool, centrifugeand discesd aupernate.

7. !Ikkeup rutheniummetal in 5 ml water and filter on tared 2 cm. diemeter

filter paper (Whatman# 40) in Buchner funnel. Wash with 20 ml water, and

dry tith consecutiveFortloneof 20 ml ethanol and 20 ml die-l ether.

8. Place filter paper containingmthenium on watch gla8e, and weigh. Cal-

culateweight of precipitate.

9. Mount watch glass and paper on cardboardend cover ~th polyst~.

10. Ccmnt on second ahekf of end-windowGeiger_MuelJercounter.
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PmcEmm 10

~thenium Activity in Aoueolm or Orlzmlc *lutie

Source: R. E. Druschel,Method HO. 221731 (3-2-54)OWL Mastq Anal@i ~c
Mamal; TID-7015,Sec. 2

1. SCOPE

TtxLamethod is applicableto the detemi.nationof rutheniumactivityin

either ~eous or organic solutions. Tbe rutheniumisotqes most commonly

~d ‘0’ - ‘tiedm-103 %J2
= 42 d; -3.7$ fisgion yield; 0.2- and

O.7-Mw beta; O.50-Mw geama), aud nrbhenlum-11%(t
l/2

= 1.0 y; 0.5$ fission

yield; 0.04+w beta; no gmmna). Rut.henium-106is the ~t of rhodium-~

(t~2 = x ~ec; 3.5-, 3.1-, and 2.4-Mevbeta; 0.51-, 0.62-, and 1.05-Mw gemma).
.

These data are taken from

by SiegeL(4)

. . . . . . . . . . . . .

See Methods No.

solutions● “

. . ...0. . . . . . .

~bllcationa by Hollemder,Perlman,and Seaborg(2) ~

2 004Q~ “Reagents”end 2 0041, “RadiochemLcalCarrier

VIII. PR~

1. For aqmma samples,plpet an appropriatevolume (no Wger than 5 ml)

of the ample into tie dletilJAion flask of a natheniumstill (NOTE a) end add

2 ml of rutheniumcarrier. Record the ndlJlgremaof mthenium added. For

smuples that contdn orgadc material,pipet tie appropriatevolume (no mre

mlml)of smmletita thedistiUatlon fhakaud dd2mlofmthenium

carrier. Record tie milJlgrmm of mthenlum added. !N2theflask add2mlof

ethaml and 4.5 ml of 12 ~ HC1, and evaprate lm dryness on a hot plati, at a

low tcmrperatum. Flme the upper portion of the flask b -D any residual.

ethanol, cool, and add 1 ml of 16 ~ HNO~.

2.

lmlof

Chloric

To tie distillation-k, add 2 ml of iodine cemier, 0.5 g of IWJ310=,

reagent-grade 85$ phoBphorlcacid, and lo ml of reagent-gyede7* per-

acid. Place the condenserflmly in the fleak ulth the outlet in a
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PROCEIJURJ10 (Conttiued)

50-ml glass centrifugetube tiat contslnsL? ml of 6 ~ N-.

tube in an ice bath audmpass air through the systm at a rate

Cool the centrifuge

Of 2-3 bubbles

per second to prevent suck-backs. Heat the solutiongeutly ta boiling (NOTEb),

then distiu the mthenium rapidly (avoidbumping)into 12 ml of 6 ~ N80H (NOTE c).

3* hdd 3 ml of ethanolb the distillate,heat it Just b bollSn.gby

swirlingit over a free flame, and centrifugeit (NOTE d). Suspend tie precip-

itate in 10 ml of H20 plus 1 ml of 6 ~ NaOH, heat just to boilimg, and centrifuge.

4. ~sc~il the supernatantIiquld and dissolvetie precipitateby heating

itjustti boitiin2tiof6 MHCl;~~O~of&O.

Mg metal in small ~rtions, shaking after each Ution.

for 2 minutes. slawly add 5 d Of 12 ~ HC1 ta remove tie

boil the solutionfor 2 minutes.

5= Hlter tie mirbure by means of suction-&m@ a

Add 0.2 g of powdered

Continuethe boiling

excessMg and again

weighed Whatman No.

inter paper that Is Placed in a smalL EUrs& fuunel. Waah tie precipitate

wltb -e 5-ml volumes of hot &O end dry

volumes of 95% ethanol and with three 5-rid

munting and counting procedures, refer t.a

MuelJ-erCounter,” and 20091, “Reparation

m

it bywashing itulththrae 5-ml.

volumes of dlethyl ether. For the

Methods mos. 2 00355, W3elget-

of Ilrecipit9tesfor Ccnmthg. ”

a. See Method No. 2 0010, “Apparatus,C%mszzLn

they

b. Heat gently at first to insure cc%apl.eteoxidationof halogens so that

till not be vol.atillzed.

40

c. The NaOH reagent ehcd.d be free of silica.

d. If the ~cipitite is iacmnplete,as indicatedby a colored supernatant

Lbyid, neutralizethe solutionwith concentratedHCl, add 1 ml of 6 ~ F@OH,

aud repat the heating with ethanol.
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PRXEDURE 10 (Conttiued)

Referencesfmm the Sourcef

. . . . . . . .

2. J. M. Holle.nder,I. Perlmm, and G. T. Seaborg,‘Table of 160tipeB,”

Revs. Mod. Phys.,~ 469 (1953).

. . . . . . . .

k. J. M. Stegel, ~NucleiFormed in Fission: Decay Charactiri.sties,

~ssion Yields, and ~ein Relationships,”J. m. Chem. SoC., Q, 241J.(1946).

Source: N. 1.

1. Dls.solve

PROCEDUREu.

Analysis for MuR-u ved Rroauctsb Soil

S~, J. J. Gabay, D. Revinson,B. Keimch, ~@!-604 (1954)

a 100-g test portion of the soil munple h 6 ~ HC1. Filter

off the slight residue, fuse it with a 13ttle N~COS,

and add the resulting solutionto the main soluticm.

one liter In a volumetricflask.

2. Trmfer an ~oyot of the

add 10mg ofRu carrier as RuC1.s,5

dissolvetie melt In HC1,

Dilute the solutionto

solutionta a rutheniumdlstillatim flask,

mlofH@3~, and 15 mlof l@N~. Place

a receivingtube that contslns15 ta 25 n!l 2 ~ lWOH In an ice bath. Pass a

slow stresm of air continuouslythrough the distillationflask ti flush out the

sysk. Di8til until fumes of ~S04 appear in the distillationflask for as

long at35 miuuteB.

3. Transferthe cent.ent8of the receivingtube to a beaker; rinse tie

tube tit& distilledwater, and tr~fer tie rineeB b the beaker.

pE of the solutionb 7 with HC1, and then add 10 Utionsl drops

Plsce the beaker on a hot plate and pasa in I&O for 1./2hour.

4. Filter the mixture while it is hot, through a glass-fiber

AdJust the

of HC1.

filter,mount

the filter and precipitateon brass a disk, cover the disk wl.thPldofllm,and

count tie mount.
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PMmm—RE I-2

ical Method for tie ~auo~x Cal.Det rulin.ae tion of llutim~
103 and 106 in Reactor Fuel ProcessingPlant solutions

Source: Chief Chemist, ~ Report T8 (W) (1960) *

A. OUTLINE OF METROD

UJ-F.GusSAMTLES

Ruthenium cmrier is added ta the sample and tbe mixture ie made strongly

alkalinewith potassiumhydroxide. Fbtasslumpereulphateis added and the

solutionis boiled to remove reducing agents end mwnonium salts, end to breek

down complexrutheniumcmpounda so that completeinterchangebetween the

carrier and the radloacti.veisotope is achieved. potassiumperiodateis

the solutionis acidifiedand then efiractedwith carbon tetrachloriti.

extract, containingthe mathenlumas rutheniumtetroxide,Is washed with

added,

The

water

and the ruthemh.unla precipitatedas rutheniumdiofideby adding methanol. The

fitbeniumdioxide is mounted on a stainlesssteel tray.

AND TRIIIJTYLPHQsPRAl!E/IG%ROSEmE~

The sample is stirredwith a boi.ldngalkallne Bolutloncontainingmtheni.vm

carrier. The organicphase Is discardedand the aqueous ehact is treated

8s describedfor aqueous sszqples,ccmmenchg uith the additionof Ptassium

pereulpbateo

CUJNTING~ OcEuJRE.CFR41CALY3mD ?JEmmmATIQN Am cwCuIIAm oNoFRIHuIrs

!lheP activity is countedthrough a 40 mgf~ alumlnm abBorberusing

stanti GM eqyipnentwith a tbln end-ulndowtube, type

gives a total.absorber,includlngme whim and air of

The 7 activity is countedtbrougb a lead sltium

sctitl~tion eqpi~ent.

IWl@ or MX1.23. (This

45 mg/C#) .

Serldui.ch using St-andard

* Material is taken fram the sourcewith tie permission of United Kingdom
Atomic Euergy Authority,Devel@ment & En@neerl.ngGroup, HQ, Idbm.ry&
InformationDept., Risky, War&kgTan, L9ncs.
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F’R~EDURE12 (Continued)

The mthenium dioxide,after counting,is dissolvedin a r&rture of

potassiumhydroxideand potassiumperiodate. The absorbencyof the solution

is measured b establishthe chemicalyield of the separationprocedure.

Ruthenium-lOjis determinedby com~ng the germs countingrate of the

samplewith those of standardsourcesprepered from sotitionaof known rutienium-

103 content countedunder identicalconditions. A correctionIS applied for

the genma activityof ruthenium-ltipresent in the sample source and the

obsezwed count- rate is ~usted for chemical@el.d.

Ruthenium-106Is determinedby compring the be- coun~ rate of the

sample with those of’standardsourcesprepe.redfrom solutionsof known rutienium-

106 content end countedunder identicalconditions. !l%eobserved coun~

rate is Qjusted for chemicalyield.

B. SPECIA.LRE&ENT6~

Dissolve20 g of p-sium Wriodate in a solutionof 20 g of po-alum

hydmdle in 200 ml of water. Add 5 g of rutheniumtrichloride,boil the

mixture for about 2 ndnutes and allow the solutionta cool to room temperature.

THl FO~G PRWEIXJREMUSTBECARRIED~~
A WELL VENTILATEDFUME-HCXJD

Add 25 ml of l@ nitric acid, slowlywith sti~. U the White

precipitate,tie to the excess periodatejto settle for a few minutes ad

decant the cle~ yellow ll~d f.ntaa one ld~ sepamting funuel. Wash tie

white precipitatewltb about 20 ml of water md edd the waahi.ugsto tie funnel.

Extract tie ruthenium,as tetroxide,from the aqueous solution with three

successive 100 ml.portions of carbon tetrachloride,collectingtie solventin

a second separatingftumelo Washthe combinedextractsonce with 150ml of

water, transfer to a one litre bottle and add ~0 ml of @ nitric acid. Pass

a strem of nitric oxide, prepuredby the action of @ titrlc

me~, first tbrougb a t=p to remove spray and then i.ntaone
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PROCEOURE 12 (Continued)

through a deliverytube dippingbeneati the solvent

to 20 minutes frequenldyshaking the bottle; remove

level. PaseWe gas fir 15

the deLiverytube, shake the

ndxbure we12 for one minute and transferit b a separatingfuunel. Test a

portion of tie carbon tetrachbride layer for freedms from zutienima,by adding

a few drops of methyl alcohol - a black precipitateshuuld not be fozmed - and

then discard tie carbon tetrachlorldelayer. lh%ueferthe aqueousphae b a

600 ml beaker and boil until the vohme is reduced ta about 150 ml. Allow

ta cool end ditite the clear red solutiont.a750 ml ath water.

!llransfer2.0 ml of the carzztersolntionto a 50 ml centrifugetube. Add

kOz w/v potassiumh-de dropwiseuntil the solutionis al.kallnead note

the volume of reagent required. Add 5 ml of the potassiumperiodate/h@roxlde

reagent (see -a. 2) boil for a few minutes and allow ta cool. Transfer the

solutionta a graduatedflask and dilute to 50 ml with water. Measure the

absorbsacyof the solutionusing a Spekker absorpticmeterfitted with H503 and

Ilford NO. 60Z filters. Correct the observed absorbancefor that of a blank on

the reagentsonly, omitting the mthenium tier solution. ~ss tie s~

of the ctier solutionas an absorbanceper 2 ml of carrier solution.

2. IUMPESI oDAm/ml?Assm4 JiYo.RCKmE MIXED REAGENT

Dissolve50 g of eaalyticalreagent quuty po-sium hylrotide =d 25 g of

analyticalreagent qutity

c.

1. 0 COUNTDJG EQUIRL13NT

potassiumperiodatiin water

SPESXALAPPARATUSFOQUEGZO

and dilute b 500 ml.

StandardG.M./equipnentdth a thin end~ countingtube, type EBM2 or

MX123, mounted in a ste.udardprspex sample holder type Ml in a lead castle

type lf%5c.

2. 7 CCUNTINGEQUIFMENT

Standard7 scinti~tion countingequiment, type =86A or 1386.

. AESORBERS

Thickness40 lllg/cm2alllminiunlo
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PROCEDURE12 (Conttiued)

4. LEAD/AImmmnJABsOmERs

Conei.stingof a lead sheet, thickness2 g/cm? placed between two aluminlum

sheets, one of thickness0.2 ~~ and the other 1.7.5g/&. The =dser

al.uminiumis towards the source.

. CCUNTING!RUYs

Skbleas steel, lipped, 1.05 inch diameter.

6. C~GE _

Pyrex, 50 ml ca~iw.

D. ~

If the smnpk wrtion used for analysiscontainsmore - 1 mg of plutonium~

the chemicals~tion tiealznentsdescribedbelow must be creed out in a

glove box. Should the sample contin more thau 0.1 mimcuries of tntal

beta/gemma activity,tie proceduresmust be c~ed out behind sdeqgate

shielding. SsmpLe13,where the activityis bebw these ldmits,~ be handled

in a we13.ventilatedfume hood.

Rrocedure

PKElmmARY TREAmmT - CARRIER AND ACITVITY INTERCHANGE

. AQUECUS SAMPLES

1.1. !l.%ensfera titable portion of the (a) 0.02-5

Notes

ml is normally a con-

sample solution [Note (a)] to a 50 ml

Pyrex centrifugetube, washing out tie

pipetteu6ed with 21Jnitric add and

adding the w~ings to tie tube. Add

2.0 ml of the mtietium carrier solution.

1.2, Add 4@ w/v potassiumhydrmdde

solution,dropvisewith cons-t shaking,

until the *tire is alJsalJne(testing

with lltauB paper). Aadaboutlgof

venient volume. me portion

ah~ld not containmore tian 0.5

g of smmotiumnitrate and the

volume iS -O klmitedby the

countingrate maxlmm of the

countingeqyipuentof about

2 x 104 C.P.M. per semp~ source.

If necesmry, the s-M solu-

tion may be prevlcnmlydiluted

with ~ nitric acid to enable an
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PRcc- 12 (continued)

so~d ~Wsium hydrofide and about 1 g aliquot, satisfyingtiese con-

of solid potaasiumperaulphate. mlute ditlons to be taken.

with water to about 15 ml.

1.3. Stir the mixhrre with a mechanical (b) In the absence of obecurlng

stirrerand at the same time heat the amounts of other colouredions or

centrifugetube until the solutionbolls. ~ecipitates, tie colour of the

Using litmus paper, test for the llltbenium

evotitionof szcmonla=d continueboiling tocbange

f’orabout one mimute after emmonlum com- orange to

solutionul~ be seen

fimm red, through a deep

a final.characterstic

-b, if PTeSent, have been destroyed. ~eenish yellow.

ti the absence of ammonium cmpounds,

boil for one ~te [Note (b)1.

2.1. Transfera suitableportion [Note (c)1

of tie smqple solutionto a 50 ml Fyrex

centrifugetube, vaehing out the pipette

used with butex and adding tie waabinge

to the tibe. Add 2.0 ml o??ruthenium

carrier sotition.

2.2. Add ~ W/V po~eium hydroxide

solution,dropwisewith constxmtshaking,

until the aqueousphase is alJ5.aMne(test-

ing titb U-S paper). Add about 1 g of

solid po-sium hydroxide and dilute the

aqueous phase with water to about 15 ml.

(c) 0.1- 5.0 nilisnomellya con-

venient volume. This is Lbnited

by the countingrate ~ of

the countingeqyl~ent of about

2 x 104 d,p.m.per 13mwplesource.

If necess~, we sem@e solution

may be previouslydilutedwiti

butex to enXble an aliquot satisfy-

ing these condltloneto be taken.
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PROCEDURE12 (Centinued)

2.3. Stir the mixhue with a mechanical

stirrer,ensuringthat tie two pbaaes are

intimatelymixed. At the mme tie, heat

the centrifugetibe until the aqpeouephase

boils end continueboi~ for about ~

eeconde.

2.4. ti ta COO1 and Cell&fU&. Using

s fine drawn len@h of gl.aastubing with

attachedrobber t-eat,withdraw tie or-c

phase ea completelyas possible and discard.

2.5. Add about 1 g Of ,eOlidFOtSS6im

pereul.phateto the aqueousphaee. Stir

the mixture with a mechanical.stirrer and

at the seam time, heat tie centrifugetube

until the solutionboils. Boil for 2 ta

3 minutes.

mc+smmhumsm Smms2 - Auwtrwm maxixm

!llramefera suitableportion [Note (d)] (d) me sqle volume met be

of the ample soktzbm to a 50 ml I@ex vitbln * range 0.02 - 0.1 ml..

centIzLfugetube, waahlng mt the pipetti

used uith @ nitric acid. Continueby tie

procedure describedfor aqyeous smaples

In section 1.

CEEMICAL SEPARATION OF ~

4. To the hot ample solution (see

para. 1.3 or 2.5) and 5 ml t.fthe Ptaesium
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PROCEDURE 12 (Continued)

periodate/wtassium hydroxide reegent and

allow the mixture to approachroom temper-

.s121re.

5. Add20 ml of carbon tetrachloride.

Stir the mixture mecb.saical,lyensuring

Intimatemhing of tbe two phases. Add

ti~ nitric acid dropwiseuntil the aqpeous

phase is acid [Note (e)1. Add about 0.2 ml

of tie acid in excess and stir for a

further ~ seconds, extraclxingthe ruthenium

as tetiofidetito the carbon tetrac.bJaride.

6. Centrifugeand - the two phases to

separate. Using a fine drawn length of

glae6 tubing with attachedzmbber teat,

WithdraW sad discard as much as possible

of the aqueous phase.

7. W decantitian, transfer the c~bon

tetrachlaride phase to a clem [Note (f) 1

50 ml centrifugetube, [Note (g)].

(e) At this etags, tbe aqyeousphase

becomesmarkedly lighter in colour

and any ursmium precipitatedis-

solves.

(f) 5e tibe must be free

traces of grease to avcdd

depsition of ruthenium dioxide.

(g) ~ meti pouring, almost com-

plete separationof the solvent

from residual amounta of tbe aqueous

phase may be achieved,leavlng

‘~ a ~~ pro~fion of tie

solventin the original tube.
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PROCEDUREI-2(Conttiued)

8. AddlOto 15nd_ofwater to tie (h) The presence of wster till

separatedcarbon tetrachlofide. Sttr interferewith tie subsequent

timorouslyfor 20 to ~ fieconda.Centrt- separationof the precipi&Aed

fuge - allow tie phases to sepsrate. rutheniumdioxide.

Withdraw and discard as much as possible

of the aqueou6washings and decant the

carbon tetrachl.mideh a clean centri-

fuge tube, taking great care to avoid

contaminationof the transferredsolvent

with aqueous phase droplets. [NOte (h)1.

9. Addabout 0.2 ml of methyl alcohol tm

the centrifugetube. Mlx by sulrlingthe

contentsof the tube and aUow ta stand for

5 minutes. Centrifugeand allow the pre-

cipitatedrutheniumdioxide ta 6epate.

Withdraw end discard the supernatantUquor.

10. Add a Little acetone to tie precipi-

tate and tremfer as a slurry ta a i3Wn-

less steel countingtray. Allow tm dry.

Cover tbe precipitatewith about 10 drops

of a 4 w/d. solutionof collodion in

acetone aud allow ta dry again.

~oFGAMMA AC!CTVYCYOFSETARATEO~

U. Measure the actitityon the semple (i) The stabilityof the counter

countingtray using stable [Note (1)1 gemma may be checked statistical using

sclntillationeqti~ent. a caesitun-137source countedunder

identicalconditions.
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PRccEmRE 13

Radiochemicalhalys es ‘Ihrou& Polero~a~ c Methods. II. A Rapid
%ocedure for Technetiumand RutheniumRadionucMdes in Fission FYOdllcts

Source: D. L. iove, A. E. GreenMe, USNRDL-TR-~

A. SpectalEquiwent

Polaro~aph and special ce~ (see Fig. 4.7 for details).

(1959)*

B. Procedure

1. Adjust

four seconds.

the height of the mercury resenmlr ta give a drop every

2. Evaporatea test ~rtion of the fission-product

a ai~coned flask or test tube. Add exactly 1 ml of a 1

0.1 ~ NELOHsup~rting electrolyte. -Sfer the ti~

sample to dryness in

~ sodium citrate—

to a polarographlc

cell wltb a transferpipet and float it at tie desired level on CC~. Apply

1.55 v vs. S.C.E.

3. with

aqueous layer

time is shown

the aid of a stopwatch,allow the Hg drops to

into tie CC~ for exactly three tinutes. me

in ~g. 4.8.

4. Drain the 3-reinco~ection of Hg and a

sillconedtest tube. Draw off the smaU amcnurt

Wash the Hg twice with 5-ml portions of water.

Fall through the

x?fectof drop

of CC~ inta a

a vacuum tube.

5. Dissolve the mercury in exactly 1 ml of cone. HN03 (ta make the gmma

ray absorptionby Hg a conskt) . Count the gamma actiti~ of the solutionin

a well-type sclntillationcounter.

* Material. is taken from tie sourcetith the pemnisslonof the U. S.
Depsrhuentof the Navy, Weau of Ships.
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PROCEOURE 13 (Continued)

n

,..Q--1SATURATED
~~ CALOMEL

%-. ELECTRODE

F
---T

—----——.— COMPARTMENT A

STOPCOCK i

-’4 22 cm

8mm TUBING -
I

Fig. 4.7 PolarograltlicCell
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PIWEDURE 13 (Continued)

1.6 X 105

1=
4.4 x ‘fOd

E {.2XQ
u

~
>
i=

:
E
tn
0-” 8.0x
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6.0 X

Fig. 4.8

105

405

404

404

l-~r-ll[lll
1.6 X {04

4.4 x 104

404

~.x,o’
4 23456769

DROP TIME (see) 2

Variationof Tee= and RUIW Activitieswith Drop Thue of the
DroppingMercury Electrode
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PROCEWRE14

(1949)

cell that is fitted

An E1.ectrcmtic Method for * M Deterudrdnq
Rutheniumin Some Redox Solutions

Saurce: Anita Ctilli, J. F. Flagg, KAPW200

A. Procedure

1. To 4 ml of 0.1 ~ ENOa contdned in an el.ectroly8is

with a gold-platedcopper electiode (see Fig. 4.9), add a test portion of the

solution (aqgeousor hexone) estimatedta containfrom 1000 t.a5000 ccunta/mln

of rutienilml.

2. Add to Ws 25 Q of a sa~ted solutionof NaN~. Elec’trolyzethe

solution for 2.5 hr at an a~lied potentialof 6 volts versus the platinumanode.

3. At the conclusionof the electrolysisempty tie cell and washe it

with four portions of water. Remove the cathode,dry it under an inf%ued

Ucup, end count the e.

ANODE
PLATINUM WIRE

/
/ GLASS CHIMNEY

/
4/

% /
/ ●.--z-

-
/’ Ru SOLUTION

/
/ /

BRASS RODS

PLATINUM
k PLATE CATHODE

=----RUBBER CUSt-4ION

Fig. k.9 Cell for Electro~c Determinationof Ruthenium

62



PROCBIXRE15

chemicalR?oce@ s Ufiedin IbmbardmentWork at Ber~Y

Source: W. Wayne M&nke, AECD-27X (UCRG432) (1949)

Element se-ted: Ruthenium Procedureby: Goeckemnann

&get material: -1 g Bi metal !13mefor fieptn:--2hr.

~ of bbdt: 184” all

Yield: approx. 60%

Degree of purification:
I.atlonproducts.

Advantages: Fed.ryield

Procedure:

1.

2.

3.

4.

Remarks:

not

particles Eq@pnent required: Distil-
Mng flaska ice, centrifuge,
tubes, 110 oven

Decontamhation factor >104 from fission end spal-

Of plre

AddlOmg Ruand Osto

solutionto volatilize

1-, 0.5 g l’wlog, 1 nil

diqud of HNOa SOh of target,boil 6X HM~

0s04. !Emnaferto glsss wWU., tid 10 mg

concentratedH404, and 10 ml 7@ HC104.

Boil in alr streamwithoutbumping and distill over RU04 Into 12 ml

6N NaOHin an ice bath. Distilluntil 1-2 ml of HC104 have distilled

(2-3 min. after fuming begim).

~ diSti~ti, add 3 ml C~OH and boll 1-2 min. until RU 0Xi,d,f5 iS

coagulated. Wash with lo ml ~0 and 1 ml 61JNaOH end boil.

DistillRu04 again, if necess~, and reprecipltateoxide.

DissolvePrecipi-te h 2 ml hot 6E HC1 and dilute ta 12 ml. hid

MU.2 g Mg chips or coarsepowde~ slowly (add aerosol)unt~l solution

passes thrcnL@bke stege aud R@ appears. Boil gentlyuntil

co-ted. Add 5 ml concautratedHC1 ti remove excess Mg and

boil, filter,wash three ties with 5 ml hot ~0, three times titi

5 ml C&OH, three tines wi.tb 5 ml ether, dry 10 min. at ll.O°C.

Weigh as RuO.

Some Ru may be lost from boiling a cone. HNO~ soln. 0s & Tc do

ppt with tie

volatilization.

EtOH. The NaBiOS convertsI b iodate h prevent

The &POb preveutsvolatilizationof small eznountsof MO.
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PROCEWFW16

memic al Procedures Used in Mmbardment Work at Berkley
*

i%urce: W. Wayne Meinke, AECD-2’738(UCTUr432)(1949)

Element separated: Ruthenium Procedureby: Folger b Hicks
Also by Wolfe

Target material: -4 g. U metal. Me for sep%: -1 l/2-2 hr.

Type of bbdt: 184” all high ener~ particles EquQment required:
“RutheniumStiu’” (all glass)

Yield: approx. 60~

Degree of pn-ification: “104 from all F.P. activities.

Advantages: Fairly rapid, simpleprocedurefor ob-ning a good yield of Ru.

Procedure:

(1)

(2)

(3)

(4)

AddlOmg Huand Os, boi16~Bm09

‘Ibmfer to glass still, add 10 mg

back, 1 ml concentrated~P04, and

stream without bumping and distill

in an ice bath. Distilluntil 3-4

(5 min. after fumi~ begins).

To distillate,add 3 ml C2HSOH end

solutionto volatll.ize 0s04.

1-, 0.5 g NaBiO=, 5 mg lb hold-

10 ml 70$$HC104. %11 in ~

over RU04 inta 12 ml 6 z IWCH

ml of HC104 have distilled

boil 1-2 min. until Ru oxide

IS cqlated. Washtith 10ml H@mdlnL6 ~NaOHsnd boil.

(leavesTc behind).

DistillRU04 agcdn, if necessary,and reprecipitateotide.

Mssolve precipitatein 2 ml hot 6

(Take aliquo% for countinghere if

chips or coarse powder Blowly (add

through bke stage of RuO appear~.

~ HC1 and dilute ta 1.2ml.

desired). Add NO.2 g Mg

aerosol)until solutionpasses

Boil gentlyuntil coagulated.

Add 5 ml concentratedHC1 to remove excessMg amd boil, filter,

wash three times tith 5 ml hot GO, three times with 5 nil C2~OH,

three times titb 5 ml ether, dry 10 min. at lJ.OOC. Wef@ as Rue.
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PRcX21%rXRlz17

ChemicalProceduresUsed in BombardmentWork at I!erkelex

Source: W. Wayne Meinke, AECD-27~ (UCRL-432)(1949)

Element separated: Rutiemhun l?rocedureby: ?iindner

Target material: Sb (..5 gm mew) Time for septn: -2 hr.

Type of bbdt: 184” k & a Equi~ent required: % stiu”
Lusteroldtibes, centrifuge,
cone

Yield: 5~ or -eater

Degree of purification: at le~t factor of 100

Procedure:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(u)

(12)

To dissolve tie L%metal, add 15 drops of 27 ~ HF to it in a

luateroidtube in a hot water bath. Add cone HNOS dropwiseuntil

dissolved (-10 min.) Dilute to -20 ml.

To the SbF4- solution add 20 mg each of Te, Sn, In, Cd, Ag, Pd,

Ru, Mo and Y csmriersas soluble salts. Add 2 drops cone. EC1.

Centrifugetie YF= end AgCl ppts.

To half of the supn add 5 ml of 1% tiethyl glyoxime in alcohol.

Centrifuge.

Place toe supn on an ice bath, add 5 ml 2* a benzoin oxlme and

digest 2 min. Centrifuge.

Evaporate sup‘n b near-dryness on hot plate. Add 10 ml QO, 2 ml

cone. ~S04 and evap to fuming for 20 min.

~fer to “RU disti~ng ~k”, add 5 ~ 70% HC104. BoI1 ~

fumi~ for 10 rein,catchingdistillatein 5 ml 6 ~ NaQH.

Add 2 ml EWE to the RU04 in NaOH, boil and centrifuge.

Dissolvethe RQ ppt In a mininmm 6 ~ HC1.

Add 5 ml 70s HC104. Repeat steps 6-8.

Add 0.2 9 Mg ~der to ~quot of tie RUM sol’n slowly. Boil

gently to c~late Ru.

Add 5 ml con. HC1 to dissolve excessMg and boil.

Plate the Ru metal and count.
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PRcmDuRE m

ChemicalB?oceduresUsed in BombardmentWork at Berkeley

Source: W. Wayne Meinke, AECD-2738 (UCRL-432)(1949)

Element separated: Rutietium Erocedureby: Newton

Target material: Tnoriummetal (.1-1 ~) he for septn: 1 br.

Type of bbdt:. 60” alphas EquQment required:
“Rutheniumstill”

Yield: -106

Procedure: The ~ metal is di5solvedin cone HC1 plus a few drops of .2 M
(~)&iFe to clearup the black residue. The HC1 is dilutedto 2 ~
and am ti quot taken.

(1)

(2)

(3)

(4)

Place tiquot in a distillingflask, add 20 mg Ru carrier,10 mg

1- carrier,O.5 gm NeBi03, 1 ml 85% H9P04 and 10 ml 70~ HC104.

Heat gently b boi~ng and distillRutheniumrapidly, (avoid

bumping) inti L2 ml of 6 x NaOH in a 50 ml centrifugetube in an

ice bath. Distill till 1-2 ml of HC104 have distilled(1-2 b

after fuming be@ns) .

TO ~StillEte add 5 d EtOH.

over a fleme and centrifuge.

continlng 1 ml of 6 M NsOH.

Heat gently ta boilingby awirllng

Suspendpptd Ru in 10 ml ~0

Heat to boi13ng aud centrifuge.

Dissolveppt by heating to boiling in 2 ml 6 ~ HCI. Add 10 ml

%0. Add 0.2 gm Mg powder in small portions,shakingwith each

addition. Add a few drops O.1~ aerosol to minbize frothing.

BOil gentlyuntil RUO is welJ.coagulated. Continueboiling 2 min.

Slowly add5mlof12~HClti

boil 2 min.

Filter by suctionon a weighed

funnel. Wash three times with

5 ml 95% EtOH, and three times

110”. Weigh as Ru”.

remove excess magnesium and agein

filter paper in a small Hirsch

5 ml hot &O, three times with

tith 5 ml E%O. Dry 10 min. at
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PROCEDURE 18 (Continued)

Remarks:

tieparation of Carrier Solution: Eissolve28 gme cmmercial ruthenium

chloride (RuC~C~ x H20) in water amd dilute b 1 liter.

Stedmdi zatdon: Take 5 ml carrierin 250 ml erlenmeyer. Add 25 ml

&o, 2 ml cone. HC1. Add O.4 gms powderedmagneelummetal ~ mall

portions, shaking after each tidition. Add a few drops 0.1$ asxcmol

sol ta prevent frothingand boil gently till the rutheniumis coagulated

and the supernateclear and colorless. Continueto boil 2 min. Add

10ml U?~HClto remove excessMg and boil 2 tin. (Add more Mg if

eupernatenot clear). IYlter, waah three times titi hot GO, three

times with 5 ml pmtdons EtOH, three times with -O. Dry at lJOO

end weigh as Ru metal.

This method h&s been describedpreviously (Phys.Rev. ~ 17 (@19)).

PROCEWRE 19

PrecipitationQf Radlor@h niume

source: F. E. Butler, DP494 (June 1960)

SUMMARY

Five precipitatingagents for radioruthenlumwere ~ted: thioacetemide,

thiourea, Wophenol, p-mercaptinpropfonicmid, ud 2,3--rcaP~-.

The precipitatesformed are cl=sified as simple or complex sulfides. Appmr

imately 97$ recovery of RuxOg and Rul@ tracerswas ob~ned with thioacetamide

and tbioureain dilute HC1 sohtions, althoughm averagerecovery of 941 was

obtainedwith all of the reagentsin fissionproductmimes whose no-ties

ranged from 5~ in HC1 to 6~ in NaO1l. Decontaminationfactors for other flsslon

products and for other radioisotopeswere approximately1000. A -p of eight

samples can be prepared for countingin one hour.
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PROCEOllRI19 (Continued)

EmmmENTAL

1.

2.

3.

4.

5-

%pare the solutionto 2-3 normal In HC1. Rur

into a 50% graduated conical centrifuge tube.

Add 1 ml of carrier solutionconixd.ning25 mg of

30 ml of solution

ruthenium (ea Rucb) .

w amounts (25 W)

Cr may be added also,

of hold-back ctiers of *, Ce, Cs, i%, or

if these rsdlonuclJ.desare nomally contained

in the semple.

Add 2 ml of water

or thiourea.

tbioacetemidesolution contadming0.1 &/ml of either

Swirl the solution in tie tube for thorou@ mixing. Place the tpbe

in a 90 to 100°C water bath for p mimteB.

Cool the solutionand filter it through ea “HA MllJdpore”filtering

a~tus. Wash the brown preclpi~te onto the filtervith a ~ HC1

solution. Use -pe to mount the vacuum-driedfilter paper on a

stainlesssteel disc. Cut the precipitatefor beta and gmma

actitity.

mocEMJRE 20

me Detelminstio nof Radio-RutheDlum5n -ad Ash

Source: Chief Chemdst,I*AM/W~O (1957)*

B. REAGEms~

. Ruthenium Ckmier Sd@Jon

Dissolve0.75 g. of ruthenium bichloride in 50 ml of water, add

5 g of sodium hyd?md.de and 2.g of Ptaeslum pereul@ate. Heat the

● Material is -ixkenfmm tie sauce viti the permission of United Endgom
Atmmic her= AuWrl~, Develqauent & h#nee~ GmuP, ~, library&
InfonuatlonIk!pt., I?isley,w~, Iance..
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PRCCEDJRF20 (Continued)

Bolutionta boiling. When the Wecipltate has dissolved,add 0.5 ml

of methyl alcohol and S* thorou@ly. Digest the mixture near Ita

boillng point until the precipitatecoagulates,then centrifu~ tie

solutionand &Lscti the supernateatllquor. Waeh tie precipi-te

once with boiling water and dissolveit in 50 ml of hot 2.5M sodium

hydroxide con~ 2 g of potassiumpereul@ate. Cool and dilute

to about 100 ml. Mtermlne tie absorbencyof a 2 ml portion ae

describedin pare. 14 of the Experimental%ocedure. Klute the

cea’rlerfurther If necessv so that the absorbencyof 2 ml.Iles

between 0.6 em.d0.8.

. Potae mmB Periodate - Poixasium Hvdroti0 de Rewent

Dissolve 20 g of ~~BiUm hydroxide and 10 g of potassium

periodatein 200 ml.of water.

c. IALAPP~~

1. SbMnlesE steel cm.uibles,15 ml.

2. Slkka radiant heater or other Infra-redheater.

3. Stainlessstiel counting~, dish *. bi8dE!~ diBcS 1.05° di~.

D“ ~

Prw @l-ee Us!z

1. Weigh 2 g of the dried -k Inti [a) !l?heaehis~dee

a small, stalmleassteel crucible. dW3Crihd in I(3CtA.M./W.35. If

(Note a) q Wxrbon is present it Shalld

be zwmmvedby furtherheating at

2. Mpette accurately2 ml of ni- 5oo-550°c.

tlmrdum carrier solutionintrothe

crucible.
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PRCCEDURE20 (Conthmd)

3. Evaporatethe solutionto dryness

under a radiant heater or other source

of l--red radiation. Break up tie

residuewith a glass rod or small.

spatula. Add 1 g of pakssium hydroxidead

4.8 g of potassiumnitrate, and mix

intimatelywith the residue.

4. Heat the crucibleover a burner at (b) 550°C-6000C

dull red heat (Noteb) until the con-

tents have melted, ti~ mixing by

sulr13ngtie crucible.

5. Ms601ve the ccmledmelt by adding

almut 3 ml of water and 0.5 g of Po=aium

periodai% iP portions. Heat ta assist

solution.

6. ~sfer the adution to a 150 d

glass centrl.fhgetube (Note c) vsshlng

out the cruciblewith leas than 5 rd.

of water. Add tit Xl ml of Analar

or eqplvalentquallty carbon tetra-

chloride. Stir mechanicallyso that

the twm phases are eft?icientlymixed

and add gM nitric acid dropwiseuntil

the aqueous phase is acid ta lilmms

(NOte d). Add 4-5 drops of acid in

excess and stir for a furtherminute

ta ~t tie rutheniumtetroxide

fomned Into the carbon tetiachlaride.

70

(c) All the centrifugetubes

used In the analysigmust be claan

and free t?romtraces of grease W

avoid Prmature depositionof ru-

thenium dioxide.

(d) At this stage tie aqueous

phase becomes markedly lighter

U Colour.



PROCEDURE 20 (Continued)

7. fUlow the two phases to separateand

tithdraw aud discard as much as possible

of the aqueousphase. Add 10-15 ml of

water and stir the ml-e for one minute.

Centrifuge,draw off and dlscard as much

as possible Of the aqueom phase.

8. hur nearly w the carbon tetra-

chloridesolution,slowly and emoo~

in one operationinta a clean, dry

50 ml centrifugetube. ItwilJ be found

that any remainingaqueousphase wiJJ.

be left behind with the small srmlnt of

carbon tetractbride not transferred.

(Nota e)

9. Add +5 drops of methyl alcohol ta

precipitatethe rutheniumdioxide,

mixing the contentsof the tube by

swirling. Cmrtrifuge for 5 mlna. at

about 2000 g (Note f) end discard the

supernateatLiquor.

10. Slurry with a few drops of acetine

end transferwith the aid of a 6pitzer

b a stainlesssteel ccuntingtray.

AllOw to dry. Cover the precipitate

uith a few drops of a 2 mg/ml collodlon

solutionIn acetone. Allow ta dry.

(e)

vent

tate

(f)

Small msnzntsof water pre-

the Nthenlum dioxidePreclpi-

from separating cleanly.

~ r.p.m. in a Mesmriq

and scientificEq@ment co.,

bid., Ifmjorn centrifuge.
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PROCEOURE20 (Conttimd)

n. Count the 106 rutheniumwith a

Geiger-Mullertube, thmu@ 2g mgfaq.an.

added absorber. (Note g)

12- If tbe

Calnt the 7

lation counter

7 eudmion due

103 ruthenium

tissl.onUYLtll

is required,

a scintil-

13. Plwe the

beaker. Add5

end subtract.from it.the

Im 106 rhodium (Note h).

countdng-lraylna50ml

ml of F9taaslumperiodate

r-. Gently sulrl tie I.lqgiduntil

the precipitatehae dissolvedcompletely.

14. ‘lkansferthe solution * a 50 ml

mess- flask, dilute to the ~k end

mix well. Messure * Kbmrbancy of tie

1301utionat a ~ length of 470 mp

(Note 1). Comect tie ebsorbancyfor

emyblank dueta5ml. of thereegent diluted

b 50 ml.

15. Read from a calibration~ph the

Vulume v of nlthenlum carrier adlltion

equivalentto the correctedabOorbancy.

(d

the

~)

the

lD6

me count is &e to M6 rhodium>

~ sec daughter of 106 mtknl-

uhich is in equilibrium ul.th

=bhenlum. P tission due to

and lo3 rutimnlm is *sorbed

by the sbsomber.

(h) The 7 emissionduB ta 106

rhodium Is obtainedby nmltiplyYng

the @ count es obwned in para.

11, by 0.375.

(i) A Unicmn ~CtrO@OtCSIEt.er

SP.350, Is a sultehle Instrument,

using a 1 cm celJ..

Correct the observed activity (pez’a.11
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PRCZEDURE20 (Ccmtlnued)

and 32) by multiplyingit by a chemical

yield factor

16. Report aE d.p.m. x P on the

original sample
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